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(57) A multilayered wiring board using conductive 
pillars for the interconnection of wiring layers. Since 
through holes are bored in the via lands of the wiring 
layers of the multilayered wiring board, the stress 
applied between the conductive pillars and wiring layers 
can be released at the time of connecting the conducive 
pillars to the via lands. Since the external side face of 
each conductive pillar smoothly continues to the surface 
of tfie via land at the contact section between the con- 
ductive pillar and the via land, the notch effect is 
relieved. Therefore, the reliability of the interconnection 
is secured even when a stress is applied to the connec- 
tions during the manufacturing of the multilayered wiring 
board, and the mounting of electronic parts, etc. 
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Description 
TECHNICAL FIELD 

The present invention relates to a multilayer wiring 
board (MLB) and a method for manufacturing the same, 
and more particularly to a multilayer wiring board in 
which via hole is not for connection between conductor 
wiring layers and a method for manufacturing the same. 
The present invention also relates to prefabricated 
materials for a multilayer wiring board, and the invention 
relates more particularly to a prefabricated material for 
a multilayer wiring board performing a via connection 
between conductive wiring layers by means of conduc- 
tive pillars. 

In addition, the invention relates to an electronic 
element, and more particularly to an electronic element 
provided with connecting portions suitable for high-den- 
sity mounting to an external circuit. 

Furthermore, the invention relates to an electronic 
element package having at least an electronic element 
mounted on a wiring board, and for example, relates to 
such an electronic element package having a highly 
integrated electronic element mounted on a wiring 
board such as a chip-sized package (CSP) of a semi- 
conductor device. 

Still further, the invention relates to a method for 
forming a conductive pillar used in a via connection in a 
multilayer wiring board or a connecting portion between 
an electronic element and an external circuit, as 
described above. 

BACKGROUND ART 

As various electronic equipment becomes smaller 
in size and higher in function, the demand for higher 
mounting density of electronic elements has been 
increased. To meet this demand, a multilayer wiring 
board in which an insulating layer and a wiring layer are 
stacked alternately has been widely used. To meet the 
demands for high mounting density and high perform- 
ance, the wiring board having multiple wiring layers and 
each wiring layer is connected by via connection such 
as a via hole to the other wiring layer. 

FIG. 24 is a sectional view showing one example of 
a construction of conventional multilayer wiring board. 
This multilayer wiring board 901 is constructed by via 
connecting wiring circuits formed in five layers. A first 
wiring layer 901 , a second wiring layer 902, a third wir- 
ing layer 903, a fourth wiring layer 904, and a fifth wiring 
layer 905 are each formed by patterning a conductor 
layer. These wiring circuits are isolated by an insulating 
layer 906. 

A general method for manufacturing a multilayer 
wiring board having a typical structure as shown in FIG. 
24 will be described below. 

First in order to connect the layers of a double 
faced laminate, in which a conductor layer such as cop- 
per foil is bonded to both laces of insulating layer, 



through holes 907 are formed at portions to be electri- 
cally connected of the double faced laminate. Chemical 
plating is applied to the inside wall surface of the 
through hole 907, and further electroplating is applied to 

5 increase the thickness of a conductor layer 907b on the 
inside wall surface of the through hole 907, thereby 
enhancing the reliability of connection between layers. 

Then, the conductor layers on both faces are pat- 
terned into a predetermined circuit by, for example, the 

10 photo-etching process. 

Next, an insulating layer such as a prepreg layer is 
laminated on the patterned conductor layer and further 
a conductor layer such as copper foil is laminated to 
achieve integration by heating and pressurization. By 

is repeating the process from the formation of through 
holes to the patterning of circuit a multilayer wiring 
board is formed. 

Such a multilayer wiring board, in which via hole is 
used for connection between wiring layers, has a prob- 

20 lem in that it is cOfficuft to respond to high-density mount- 
ing of a electronic element. 

For example, generally speaking, neither wiring is 
formed nor electronic elements are mounted in the 
region where a through hole is provided, so that the 

25 increase in wiring density and mounting density is 
restricted. Also, in recent years, along with high-density 
mounting of electronic elements, the wiring of wiring 
board has become dense. If attempts are made to 
decrease the diameter of through hole in response to 

30 high density of wiring, it becomes difficult to assure reli- 
ability of connection between layers. 

The connection between wiring layers using 
through holes is redundant because it entails a process 
for forming through holes and a process for plating, 

35 which presents a problem of productivity. 

For example, the process for forming through holes 
requires much time for drilling work because holes are 
made one after another by using a drill. Also, the posi- 
tion where a through hole is formed requires a high 

40 accuracy, and the plating adhesion property etc. on the 
inside wall surface of through hole must be considered. 
Therefore, the control of accuracy of through hole for- 
mation, forming conditions, etc is troublesome. 

In addition, in the plating process where electrical 

45 connection between a plurality of wiring layers is formed 
via through holes, process control such as control of 
concentration and temperature of chemicals is also 
troublesome. Further, large-scale equipment is required 
for forming through holes and plating. 

so Such connection between layers of multilayer wiring 
board using through holes decreases the productivity of 
wiring board (PWB), so that it is difficult to meet the 
demand for lower cost. 

To simplify the electrical connection between wiring 

55 layers of multilayer wiring board, a method in which the 
connection between wiring layers is performed by 
means of conductive bumps has also been proposed. 
With this method, conductive bumps are formed on a via 
land, which is an interlayer connection formed in the wir- 
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ing circuit, and by inserting an intertayer insulating layer 
in the thickness direction, the connection with the via 
land formed on the opposite wiring layer is established. 

FIG. 25A and FIG. 25B show one example of a 
method for manufacturing a multilayer wiring board in 
which the wiring layers are connected by using such 
conductive bumps. 

First, a double faced wiring board 91 3, in which wir- 
ing circuit 912 consisting of copper is formed on both 
surfaces of, for example, paper/phenol base insulating 
resin substrate 911, is prepared as an core layer. The 
wiring circuit 91 2 formed on both surfaces of the insulat- 
ing resin substrate 91 1 has a via land 912a for interlayer 
connection. On this via land 912a, a conductive bump 
914 formed by printing/for example, conductive paste is 
formed. 

Next, an insulating resin sheet 915 of B stage 
(semi-cured) and a copper foil 916 are laminated, and 
on both sides of the double faced wiring board 913, the 
wiring circuit 912 and the copper foil 916 are arranged 
via the insulating resin sheet 915 so as to face each 
other (FIG. 25A). 

By pressurizing and heating these laminates, the 
insulating resin sheet 915 of B stage is cured to inte- 
grate all layers. At this time, the conductive bumps 914 
pierce the insulating resin sheet 915 of B stage (semi 
cured) by pressure, and are bonded in integration with 
the copper foil 916 while producing plastic deformation 
etc. Thus, the connection between conductor layers is 
formed by the conductive bumps. 

A through hole 917 is formed at a predetermined 
position, and the through hole 917 is filled with a con- 
ductive material such as silver paste 918, or the inside 
wail of the through hole 91 7 is coated with a conductive 
material such as silver paste, by which the conductor 
layers of outer layer are connected to each other. The 
copper foil 916 of outer layer is patterned by, for exam- 
ple, the photo-etching process to form a predetermined 
wiring circuit 916b including the via land 916a, by which 
a multilayer wiring board in which the conductive bumps 
and through holes are combined for interlayer connec- 
tion of wiring circuit is formed (FIG. 25A). 

FIG. 26A and FIG. 26B show another example of a 
method for manufacturing a multilayer wiring board in 
which the wiring layers are connected by using the con- 
ductive bumps. 

First, a double faced wiring board 923, in which a 
wiring circuit 922 is formed by affixing, for example, 
glass cloth and copper foil to both surfaces of an epoxy 
resin substrate 921, curing, and patterning, is prepared 
as an inside layer core. The wiring circuit 922 formed on 
both surfaces of the double faced wiring board 923 has 
a via land 922a for interlayer connection. 

On the other hand, a copper foil 925 formed with 
conductive bumps 924 and an epoxy resin prepreg 926 
are prepared. The conductive bumps 924 are formed at 
positions such as to correspond to the via land 922a 
when the copper foil 925 and the double laced wiring 
board 923 are laminated. 



Next, as shown in FIG. 26A, after the copper foil 
925 is arranged on both sides of the double faced wiring 
board 923 via the prepreg 926, all layers are integrated 
by pressurization and heating. By this pressurization, 

5 the conductive bumps 924 face each other. At this time, 
the conductive bumps 924 pierce the prepreg 926 of B 
stage (semi cured) by pressure, and are bonded in inte- 
gration with the via land 922a while producing plastic 
deformation etc. Thus, the connection between conduc- 
ts tor layers is formed by the conductive bumps. 

A through hole 927 is formed at a predetermined 
position, and the through hole 927 is plated with a con- 
ductor layer 918 such as copper, for example, by which 
the conductor layers are connected to each other. 

15 Thereafter, the copper foil 925 of outer layer is pat- 
terned by, for example, the photo-etching process to 
form a predetermined wiring circuit 926b including the 
via land 925b, by which a multilayer wiring board in 
which the conductive bumps and plated through holes 

20 are combined for interlayer connection of wiring-drcuit is 
formed (FIG. 26B). 

Such interlayer connection of wiring circuits 
employing conductive bumps has advantages of simple 
construction, high productivity due to a small number of 

25 processes, and response to high-density mounting. 
However, the wiring board in which interlayer connec- 
tion of wiring layer is made by using the conductive 
bumps often presents the problems as described below. 
For example, in the manufacturing method shown in 

30 FIG. 25, the insulating resin layer 915 and the copper 
foil 916 are laminated on the double faced wiring board 
913 in which conductive bumps 914 are formed on the 
via land 912a, a hard metallic press plates are applied 
from the outside, and all layers are integrated by pressu- 

35 rizing and heating from both surfaces. 

By this pressurizing process, the copper foil 916 
exposed to the outer layer becomes substantially flat. 
However, since the conductive bump 914 is generally 
harder than the insulating resin substrate 911 of the 

40 double faced wiring board 913, the via land 912a is lia- 
ble to become concave, and cracks are produced on the 
via land 912a. Thus, the via connection is sometimes 
damaged. 

Such a problem is remarkable especially on the 
45 connection on outer layer side. FIG. 27 schematically 
shows a via connection of the MLB shown in "FIG. 7 
made concave by the pressurizing process. In the worst 
case, the connection between the via land 922a and the 
wiring circuit 922 are broken off, so that the function as 
so multilayer wiring board is sometimes lost. The method 
shown in FIG. -25 also presents the exactly same prob- 
lem. 

Such a problem greatly decreases the reliability of 
multilayer wiring board, and is one of the main-causes 
55 for decreasing the productivity of wiring board. 

The present invention was made to solve the above 
problems, and accordingly an object thereof is to pro- 
vide a multilayer wiring board capable of being con- 
structed by a simple means and having highly reliable 
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via connection. Another object of the present invention 
is to provide a manufacturing method with high produc- 
tivity for a highly reliable multilayer wiring board. 

As a problem of a multilayer wiring board using a 
conventional conductive bump, it is desired to more 
greatly improve reliability of via connection in case of 
bearing a thermal load or a mechanical load (stress). 

The reliability of the wiring board in which interlayer 
connection of wiring circuit is made by using the con- 
ductive bumps, as shown in FIG. 25 and FIG. 26, espe- 
cially poses a problem under the ordinary operating 
conditions. 

However, when the wiring board using conductive 
bumps is used for equipment requiring high reliability, 
such as industrial electronic equipment, the reliability of 
interlayer connection is feared. 

The wiring board requiring high reliability must suf- 
ficiently withstand a severe thermal stress. Even when a 
thermal cycle test, in which the wiring board is exposed 
to a high temperature of, for example, about 125°C and 
then cooled to about -65°C, is performed, the conduc- 
tive bump for connecting a plurality of wiring layers must 
not be peeled off, or the wiring circuit in the same layer 
must not be impaired. 

However, the connection between the conductive 
bump and the wiring layer connected by this conductive 
bump is sometimes broken off by the thermal stress, so 
that it is difficult to assure high reliability such as to with- 
stand the industrial application. 

The present invention was made to solve such a 
problem. Accordingly, an object of the present invention 
is to provide a wiring board having an improved reliabil- 
ity of interlayer connection, and materials for the wiring 
board, and a method for manufacturing the wiring 
board. 

In addition, since electronic elements including a 
semiconductor device have been remarkably highly 
integrated in recent years, problems in mounting have 
also appeared. For example, the number of connecting 
points between an electronic element and an external 
circuit has been increased with the progress of higher 
integration. It is demanded to establish a high-density 
mounting technology capable of performing connection 
between more electrodes in a smaller area. Additionally, 
since a conventional mounting method using a solder 
bump or the like uses solder containing lead, there is a 
problem that workers' health is injured or it is difficult to 
dispose it as a waste matter. 

DISCLOSURE OF INVENTION 

This invention has been carried out to solve these 
problems described as above. 

A multilayer wiring board in the present invention as 
claimed in claim 1 is a multilayer wiring board having a 
lamination of wiring layers and at least an insulating 
layer, comprising: a first insulating layer having a first 
face; a first wiring layer formed on the first face of the 
first insulating layer, the first wiring layer having a first 



via land, and the first via land having a through hole; a 
second wiring layer formed on the first wiring layer; a 
second via land formed on the second insulating layer in 
face with the first via land; and a conductive pillar con- 
5 necting the first via land and the second via land, the pil- 
lar having an intruded zone in the first insulating layer 
through the hole of the first via land. 

A multilayer wiring board in the present invention as 
claimed in claim 2 is a multilayer wiring board as set 
10 forth in claim 1 , wherein a rigidity of the conductive pillar 
is higher than a rigidity of the first insulating layer. 

A multilayer wiring board in the present invention as 
claimed in claim 3 is a multilayer wiring board as set 
forth in claim 1 , wherein the conductive pillar is made of 
75 a conductive resin. 

A multilayer wiring board in the present invention as 
claimed in claim 4 is a multilayer wiring board as set 
forth in claim 1 , wherein the contact portion of the outer 
side surface of the conductive pillar and the surface of 
20 the first and the second via land having a shape so as to 
relax a stress concentration applied between the con- 
ductive pillar and the first and the second via land. 

A multilayer wiring board in the present invention as 
claimed in claim 5 is a multilayer wiring board as set 
25 forth in claim 1 , wherein the contact portion of the outer 
side surface of the conductive pillar and the surface of 
the first and the second via land having a part smoothly 
continuous. 

A multilayer wiring board in the present invention as 

30 claimed in claim 6 is a multilayer wiring board as set 
forth in claim 1 , wherein an angle of the outer side sur- 
face of the conductive pillar and the surface of the first 
and the second via land is an acute angle. 

A multilayer wiring board in the present invention as 

35 claimed in claim 7 is a multilayer wiring board having a 
lamination of wiring layers and at least an insulating 
layer, comprising: a first insulating layer having a first 
face; a first wiring layer formed on the first face of the 
first insulating layer, the first wiring layer having a first 

40 via land; a second insulating layer formed on the first 
wiring layer; a second via land formed on the second 
insulating layer, and the second via land formed in face 
with the first via lard; a conductive pillar connecting the 
first via land and the second via land; and a stress 

45 releasing means formed in the first or the second via 
land for releasing a stress applied perpendicular to the 
surface of the first or the second via land. 

A multilayer wiring board in the present invention as 
claimed in claim 8 is a multilayer wiring board as set 

so forth in claim 7, wherein the stress releasing means is at 
least one through hole formed in the first via land or sec- 
ond via land. 

A multilayer wiring board in the present invention as 
claimed in claim 9 is a multilayer wiring board as set 
55 forth in claim 7, wherein a rigidity of the conductive pillar 
is higher than a rigidity of the first insulating layer. 

A multilayer wiring board in the present invention as 
claimed in claim 10 is a multilayer wiring board as set 
forth in claim 7, wherein the conductive pillar is made of 
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a conductive resin. 

A multilayer wiring board in the present invention as 
claimed in claim 11 is a multilayer wiring board as set 
forth in claim 7, wherein the contact portion of the outer 
side surface of the conductive pillar and the surface of s 
the first and the second via land having a shape so as to 
relax a stress concentration applied between the con- 
ductive pillar and the first and the second via land. 

A multilayer wiring board in the present invention as 
claimed in claim 12 is a multilayer wiring board as set 10 
forth in claim 7, wherein the contact portion of the outer 
side surface of the conductive pillar and the surface of 
the first and the second via land having a part smoothly 
continuous. 

A multilayer wiring board in the present invention as is 
claimed in claim 13 is a multilayer wiring board as set 
forth in claim 7, wherein an angle of the outer side sur- 
face of the conductive pillar and the surface of the first 
and the second via land is an acute angle. 

A multilayer wiring board in the present invention as 20 
claimed in claim 14 is a multilayer wiring board having a 
lamination of a wiring layer and an insulating layer, com- 
prising: an insulating layer having a first face and a sec- 
ond face; a first wiring layer formed on the first face of 
the insulating layer, and the first wiring layer having a 25 
first via land; a second wiring layer formed on the sec- 
ond face of the insulating layer, the second wiring layer 
having a second via land, and the second via land 
formed in face with the first via land; and a conductive 
pillar connecting the first via land and the second via 30 
land, wherein the contact portion of the outer side sur- 
face of the conductive pillar and the surface of the first 
and the second via land having a shape so as to relax a 
stress concentration applied between the conductive 
pillar and the first and the second via land. 35 

A multilayer wiring board in the present invention as 
claimed in claim 15 is a multilayer wiring board as set 
forth in claim 14, wherein the conductive pillar is made 
of a conductive resin. 

A multilayer wiring board in the present invention as 40 
claimed in claim 16 is a multilayer wiring board as set 
forth in claim 14, wherein an linear thermal expansion 
coefficient in the axial direction of the conductive pillar is 
larger than that of the insulating layer. 

A multilayer wiring board in the present invention as 45 
claimed in claim 17 is a multilayer wiring board as set 
forth in claim 14, wherein the shape of the contact por- 
tion of the outer side surface of the conductive pillar and 
the surface of the first and the second via land having a 
part smoothly continuous. . so 

A multilayer wiring board in the present invention as 
claimed in claim 18 is a multilayer wiring board as set 
forth in claim 17, wherein the conductive pillar is made 
of a conductive resin. 

A multilayer wiring board in the present invention as ss 
claimed in claim 19 is a multilayer wiring board as set 
forth in claim 17, wherein an linear thermal expansion 
coefficient in the axial direction of the conductive pillar is 
larger than that of the insulating layer. 



A multilayer wiring board in the present invention as 
claimed in claim 20 is a multilayer wiring board as set 
forth in claim 14, wherein the shape of the contact por- 
tion having a part of an angle of the outer side surface 
of the conductive pillar and the surface of the first and 
the second via land is an acute. 

A multilayer wiring board in the present invention as 
claimed in claim 21 is a multilayer wiring board as set 
forth in claim 20, wherein the conductive pillar is made 
of a conductive resin. 

A multilayer wiring board in the present invention as 
claimed in claim 22 is a multilayer wiring board as set 
forth in claim 20, wherein an linear thermal expansion 
coefficient in the axial direction of the conductive pillar is 
larger than that of the insulating layer. 

A prefabricated material for a multilayer wiring 
board in the present invention as claimed in claim 23 is 
a prefabricated material for a multilayer wiring board, 
comprising: a conductor layer; a conductive pillar 
formed on the conductor layer, the conductive pillar hav- 
ing substantially conical shape; a insulating layer 
formed so that a part of the conductive pillar is exposed 
on the insulating layer, the insulating layer is made of a 
uncured insulating resin, wherein the height of the con- 
ductive pillar h is approximately in the range from 1.2d 
to 5d when taking the thickness of the insulating layer as 
d. 

A prefabricated material for a multilayer wiring 
board in the present invention as claimed in claim -24 is 
a prefabricated material for a multilayer wiring board as 
set forth in claim 23, wherein the contact portion of the 
outer side surface of the conductive pillar and the sur- 
face of the conductor layer having a shape so as to relax 
a stress concentration applied between the conductive 
pillar and the conductor layer. 

A prefabricated material for a multilayer wiring 
board in the present invention as claimed in claim -25 is 
a prefabricated material for a multilayer wiring board as 
set forth in claim 23, wherein a shape of the contact por- 
tion of the outer side surface of the conductive pillar and 
the surface of the conductor layer having a part 
smoothly continuous. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 26 is 
a method for manufacturing a multilayer wiring board, 
comprising: a step of forming a first wiring layer having 
a first via land with a stress releasing means on a first 
insulating layer; a step of forming a conductive pillar 
having a substantially conical shape at a region of a 
conductor layer in face with the first via land when 
opposed to the first wiring layer; a step of arranging the 
first insulating layer and the conductor layer so as to 
face the first via land with the conductive pillar; and a 
step of pressing the first insulating layer and the con- 
ductor layer in the axial direction of the conductive pillar 
so as to connect the first via land and the conductive pil- 
lar. 

A method for manufacturing a multilayer wiring 
board in the present invention asclaimed in claim 27 is 
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a method for manufacturing a multilayer wiring board as 
set forth in claim 26, wherein the stress releasing 
means is a hole formed in the first via land, and in the 
step of pressing the first insulating layer and the con- 
ductor layer, wherein the first insulating layer and the 
conductor layer are pressed so that a part of the con- 
ductive pillar intrudes into the first insulating layer 
through the hole of the first via land. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 28 is 
a method for manufacturing a multilayer wiring board, 
comprising: a step of forming a first wiring layer having 
a first via land with a stress releasing means on a first 
face of a first insulating layer; a step of forming a con- 
ductive pillar having a substantially conical shape on a 
first via land; a step of laminating a second insulating 
layer made of an uncured resin so that a part of the con- 
ductive pillar is exposed; a step of opposing the first 
face of the first insulating layer and a conductor layer; 
and a step of pressing the first insulating layer and the 
conductor layer in the axial direction of the conductive 
pillar so as to connect the conductive pillar and the con- 
ductor layer. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 29 is 
a method for manufacturing a multilayer wiring board as 
set forth in claim 28, wherein the stress releasing 
means is a hole formed in the first via land, and in the 
step of pressing the first insulating layer and the con- 
ductor layer, wherein the first insulating layer and the 
conductor layer are pressed so that a part of the con- 
ductive pillar intrudes into the first insulating layer 
through the hole of the first via land. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 30 is 
a method for manufacturing a multilayer wiring board, 
comprising: a step of forming a first wiring layer having 
a first via land with a stress releasing means on a first 
face of a first insulating layer; a step of forming a first 
conductive pillar having a substantially conical shape on 
the first via land; a step of forming a second conductive 
pillar having a substantially conical shape at a region of 
a conductor layer in face with the first conductive pillar 
when opposed to the first wiring layer; a step of arrang- 
ing a second insulating layer made of an uncured resin 
intervened between the first insulating layer and the 
conductor layer so as to face the first conductive pillar 
with the second conductive pillar; and a step of pressing 
the first insulating layer and the conductor layer in the 
axial direction of the conductive pillar so as to connect 
the first conductive pillar and the second conductive pil- 
lar. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 31 is 
a method for manufacturing a multilayer wiring board as 
set forth in claim 30, wherein the stress releasing 
means is a hole formed in the first or the second via 
land, and in the step of pressing the first insulating layer 
and the conductor layer, wherein the first insulating 



layer and the conductor layer are pressed so that a part 
of the first conductive pillar intrudes into the first insulat- 
ing layer through the hole of the first via land. 

A method for manufacturing a multilayer wiring 

5 board in the present invention as claimed in claim 32 is 
a method for manufacturing a multilayer wiring board, 
comprising: a step of forming a first conductive pillar 
having a substantially conical shape on a first conductor 
layer so that the contact portion of the outer side surface 

10 of the conductive pillar and the first conductor layer hav- 
ing a shape so as to relax a stress concentration applied 
between the conductive pillar and the second conduc- 
tive layer; a step of laminating a insulating layer made of 
an uncured resin so that a part of the conductive pillar is 

is exposed; a step of pressing the conductive pillar in its 
axial direction so that the exposed part of the conduc- 
tive pillar is plastically crushed; a step of arranging a 
second conductor layer on the insulating layer; a step of 
pressing the first conductor layer and the second con- 

20 ductor layer being connected in the axial direction of the 
conductive pillar; and a -step of curing the insulating 
layer. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 33 is 

25 a method for manufacturing a multilayer wiring board as 
set forth in claim 32, in the step of pressing the first and 
the second conductor layer, wherein the first and the 
second conductive layer are pressed so that the contact 
portion of the outer side surface of the conductive pillar 

30 and the second conductor layer having a shape so as to 
relax a stress concentration applied between the con- 
ductive pillar and the second conductive layer. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 34 is 

35 a method for manufacturing a multilayer wiring board as 
set forth in claim 32, in the step of pressing the first and 
the second conductor layer, wherein the first and the 
second conductive layer are pressed so that a contact 
portion of the outer side surface of the conductive pillar 

40 and the second conductor layer having a part smoothly 
continuous. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 35 is 
a method for manufacturing a multilayer wiring board as 

45 set forth in claim 32, wherein a step of forming the con- 
ductive pillar, a height of the conductive pillar h is 
approximately in the range of 1 .2d £ h <, 5d when taking 
a thickness of the uncured insulating layer as d. 

A method for manufacturing a multilayer wiring 

so board in the present invention as claimed in claim 36 is 
a method for manufacturing a multilayer wiring board as 
set forth in claim 32, wherein a step of forming the con- 
ductive pillar, an thickness of the uncured insulating 
layer d is approximately in the range of O.02h ^ d <> 0 .8h 

55 when taking a height of the conductive pillar as h. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 37 is 
a method for manufacturing a multilayer wiring board, 
comprising: a step of forming a first conductive pillar on 
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a first conductor layer so that a contact portion of the 
outer side surface of the first conductive pillar and the 
first conductor layer having a part smoothly continuous; 
a step of forming a second conductive pillar on a second 
conductor layer so that a contact portion of the outer 
side surface of the second conductive pillar and the sec- 
ond conductor layer having a part smoothly continuous; 
a step of arranging a insulating layer made of an 
uncured resin intervened between the first and the sec- 
ond conductor layer so as to face the first conductive pil- 
lar with the second conductive pillar; a step of pressing 
the first and the second conductor layer in the axial 
direction of the conductive pillar so as to connect the 
first conductive pillar and the second conductive pillar; 
and a step of curing the insulating layer. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 38 is 
a method for manufacturing a multilayer wiring board as 
set forth in claim 37, wherein a step of forming the con- 
ductive pillar, a height of the conductive pillar h is 
approximately in the range of 1 .2d <, h <, 5d when taking 
a thickness of the uncured insulating layer as d. 

A method for manufacturing a multilayer wiring 
board in the present invention as claimed in claim 39 is 
a method for manufacturing a multilayer wiring board as 
set forth in claim 37, wherein a step of forming the con- 
ductive pillar, an thickness of the uncured insulating 
layer d is approximately in the range of 0.02h <, d ^ 0.8h 
when taking a height of the conductive pillar as h. 

An electronic element in the present invention as 
claimed in claim 40 is an electronic element, compris- 
ing: an electrode formed on a first face of the electronic 
element; and, a conductive pillar formed on the elec- 
trode of the electronic element; wherein the contact por- 
tion of the outer side surface of the conductive pillar and 
the surface of the electrode having a shape so as to 
relax a stress concentration applied between the con- 
ductive pillar and the electrode. 

An electronic element as claimed in claim 41 is an 
electronic element as set forth in claim 40, wherein the 
contact portion of the outer side surface of the conduc- 
tive pillar and the surface of the electrode having at least 
a part smoothly continuous. 

An electronic element as claimed in claim 42 is an 
electronic element as set forth in claim 40, wherein an 
angle of the outer side surface of the conductive pillar 
and the surface of the electrode is an acute angle 

An electronic element package as claimed in claim 

43 is an electronic element as set forth in claim 40, 
wherein the electronic element is a semiconductor ele- 
ment. 

An electronic element package as claimed in claim 

44 is an electronic element package, comprising: an 
electronic element having an electrode formed on a first 
face of the electronic element; and a wiring board com- 
prises a first insulating layer having a first face and a 
second face, the first face of the insulating layer is faced 
with the first face of the electronic element, a first wiring 
layer formed on the second face of the first insulating 



layer, the first wiring layer having a first via land, and a 
first conductive pillar connecting the first via land and 
the electrode. 

An electronic element package in the present 

5 invention as claimed in claim 45 is an electronic element 
package as set forth in claim 44, wherein the first via 
land having a stress releasing means. 

An electronic element package in the present 
invention as claimed in claim 46 is an electronic element 

10 package as set forth in claim 44, wherein the contact 
portion of the outer side surface of the first conductive 
pillar and the surface of the electrode having a shape so 
as to relax a stress concentration applied between the 
first conductive pillar and the electrode. 

is An electronic element package in the present 
invention as claimed in claim 47 is an electronic element 
package as set forth in claim 44, wherein the contact 
portion of the outer side surface of the first conductive 
pillar and the surface of the electrode having at least a 

20 part smoothly continuous. 

An electronic element package in the present 
invention as claimed in claim 48 is an electronic element 
package as set forth in claim 44, wherein an angle of the 
outer side surface of the first conductive pillar and the 

25 surface of the electrode is an acute angle. 

An electronic element package in the present 
invention as claimed in claim 49 is an electronic element 
package as set forth in claim 44, wherein the electronic 
element is a semiconductor element 

30 An electronic element package in the present 
invention as claimed in claim 50 is an electronic element 
package as set forth in claim 49, wherein the semicon- 
ductor element is a bear semiconductor chip. 

An electronic element package in the present 

35 invention as claimed in claim 51 is an electronic element 
package, comprising: an electronic element having an 
electrode formed on a first face of the electronic ele- 
ment; and a wiring board, comprises a first insulating 
layer having a first face and a second face, the first face 

40 of the insulating layer is faced with the first face of the 
electronic element, a first wiring layer formed on the 
second face of the first insulating layer, the first wiring 
layer having a first via land, and a first conductive pillar 
connecting the first via land and the electrode a second 

45 insulating layer having a first face and a second face, 
the first face of the second insulating layer is faced with 
the second face of the first insulating layer, a second 
wiring layer formed on the second face of the second 
insulating layer, the second wiring layer having a see- 
so ond via land, and a second conductive pillar connecting 
the first via land and the second via land. 

An electronic element package in the present 
invention as claimed in claim 52 is an electronic element 
package as set forth in claim 51, wherein the first via 

55 land having a stress releasing means. 

An electronic element package in the present 
invention asdaimed in claim53 is an electronic element 
package as set forth in claim 51, wherein the contact 
portion of the outer side surface of the first conductive 
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pillar and the surface of the electrode having a shape so 
as to relax a stress concentration applied between the 
first conductive pillar and the electrode. 

An electronic element package in the present 
invention as claimed in claim 54 is an electronic element s 
package as set forth in claim 51, wherein the contact 
portion of the outer side surface of the first conductive 
pillar and the surface of the electrode having at least a 
part smoothly continuous. 

An electronic element package in the present 10 
invention as claimed in claim 55 is an electronic element 
package as set forth in claim 51 , wherein an angle of the 
outer side surface of the first conductive pillar and the 
surface of the electrode is an acute angle. 

An electronic element package in the present is 
invention as claimed in claim 56 is an electronic element 
package as set forth in claim 51 , wherein the electronic 
element is a semiconductor element. 

An electronic element package in the present 
invention as claimed in claim 57 is an electronic element 20 
package as set forth in claim 51 , wherein the semicon- 
ductor element is a bear semiconductor chip. 

A method for forming a conductive pillar in the 
present invention as claimed in claim 58 is a method for 
forming a conductive pillar, comprising the steps of: a 25 
step of arranging a mask having a through hole onto a 
conductor layer, the shape of the through hole of the 
mask is substantially cylindrical; a step of filling a con- 
ductive resin into the through hole of the mask; and a 
step of removing the mask and the conductor layer each 30 
other in the normal direction of the conductor layer. 

A method for forming a conductive pillar in the 
present invention as claimed in claim 59 is a method for 
forming a conductive pillar as set forth in claim 58, 
wherein the step of removing the mask and the conduc- 35 
tor layer each other in the normal direction of the con- 
ductor layer so that the conductive resin is forming a 
substantially conical shape on the conductor layer, and 
the contact portion of the outer side surface of the con- 
ductive resin and the conductor layer having a shape so 40 
as to relax a stress concentration applied between the 
conductive resin and the conductive layer. 

A method for forming a conductive pillar in the 
present invention as claimed in claim 60 is a method for 
forming a conductive pillar as set forth in claim 58, 45 
wherein the step of removing the mask and the conduc- 
tor layer each other in the normal direction of the con- 
ductor layer so that the conductive resin is forming a 
substantially conical shape on the conductor layer, and 
the contact portion of the outer side surface of the con- so 
ductive resin and the surface of the conductive layer 
having at least a part smoothly continuous. 

A method for forming a conductive pillar in the 
present invention as claimed in claim 61 is a method for 
forming a conductive pillar as set forth in claim 58, 55 
wherein the step of removing the mask and the conduc- 
tor layer each other in the normal direction of the con- 
ductor layer so that the conductive resin is forming a 
substantially conical shape on the conductor layer, and 



wherein an angle of the outer side surface of the con- 
ductive resin and the surface of the conductive layer is 
an acute angle. 

A method for forming a conductive pillar in the 
present invention as claimed in claim<62 is a method for 
forming a conductive pillar as set forth in claim 58, 
wherein the step of filling a conductive resin, a viscosity 
of the conductive resin is determined so that a part of 
the conductive resin remains onto the inner surface of 
the through hole of the mask when the step of removing 
the mask and the conductor layer. 

A method for forming a conductive pillar in the 
present invention as claimed in dairrr63 is a method for 
forming a conductive pillar as set forth in claim 58, the 
step of filling a conductive resin carried by a screen 
printing. 

The multilayer wiring board in accordance with the 
present invention releases stresses acting on the via 
connection by employing a via land having a stress 
releasing means, and prevents the breakage of via land 
and the breakage of connection between the via land 
and the wiring circuit 

The stress releasing means provided by the via 
land is, for example, a hole passing through the via land. 
This hole is generally a small hole having a diameter 
smaller than the largest diameter of a conductive pillar. 
This hole may have any shape if the stresses acting on 
the via land and the wiring circuit connected to the via 
land, especially the normal stress, can be reduced 
when the conductive pillar is pressed in its axial direc- 
tion. For example, the shape may be circular, elliptical, 
star-shaped, or gourd-shaped, however, a shape which 
can be drawn by a smooth continuous closed curve is 
suitable. This is because if there is a notch portion, 
stresses concentrate at this portion, resulting in the 
breakage of via land and wiring layer. The number of 
holes formed in the via land may be single or plural. 

The hole formed on the via land should have a 
diameter such that sufficient electrical connection is 
established when the conductive pillar is pressure 
welded. For example, when the conductive pillar is 
formed on only one of via lands, the average diameter of 
hole of via land may be set at about 0.1 to 025 mm 
when the diameter of conductive pillar at the portion of 
the same height as the thickness of a second insulating 
layer from the bottom is about 0.3 mm and the via land 
outside diameter is about 0.7 mm. 

The interlayer connection of the multilayer wiring 
board of the present invention employing the conductive 
pillars can relax the normal stress acting especially on 
the via land by providing a via land having such a stress 
releasing means. Also, the conductive pillar intrudes the 
first insulating layer in a cured state, however cannot 
pierce easily, so that plastic deformation occurs even in 
the surface direction of via land. The plastic deformation 
of the conductive pillar in the surface direction of via 
land relaxes the tangential stress as well. Therefore, the 
via land is not broken, and the function thereof-can be 
maintained. 
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The formation of hole, which is a stress releasing 
means for via land, is preferably performed at the same 
time that the wiring layer to which this via land belongs 
is patterned into a predetermined wiring circuit. This is 
because the steps of processes need not be increased 
if the formation is performed at the same time that the 
wiring circuit is patterned. The hole can be formed in 
advance at a predetermined position of the conductor 
layer, however the productivity decreases. 

Another feature of the multilayer wiring board in 
accordance with the present invention is that the via 
connection employing the conductive pillar is so con- 
structed that the connection between the wiring layer 
and the conductive pillar is not peeled off. That is, the 
connection between the outer peripheral surface of con- 
ductive pillar having hyperboloid of one sheet or hyper- 
boloid of revolution of one sheet is so formed that the 
notch effect acting on the connection of intersurface 
between the conductive pillar and the via land is 
relaxed. By combining the connection between the con- 
ductive pillar having a shape relaxes a stress concentra- 
tion and the via land and the via land having the above- 
described stress releasing means, the reliability of the 
multilayer wiring board is further improved. 

The present invention in which the via connection of 
multilayer wiring board using the conductive pillars is 
constructed so that the connection between the wiring 
layer and the conductive pillar is not peeled off was 
based on the following knowledge obtained by the 
inventors. 

The inventors analyzed the force acting on the con- 
nection using the conductive pillars in order to improve 
the reliability of interiayer connection using the conduc- 
tive pillars. 

The conductive pillar formed through the insulating 
layer connects a first via land of a first wiring layer sep- 
arated by the insulating layer with a second via land of a 
second wiring layer. For example, in the case of solder 
ret tow step in the mounting process, the interiayer con- 
nection of such construction is subjected to thermal 
load, so that a stress resulting from the difference in 
thermal expansion coefficient occurs. 

For example, the thermal expansion coefficient of 
copper is 19.0 x 10* 6 [°K* 1 ], that of silver is 17.0 x 10" 6 
[°IC 1 ], and that of aluminum is 23.0 x 10" 6 [°IC 1 ]. 

On the other hand, for the thermal expansion coef- 
ficient of insulating resin, for example, in the case of FR- 
4 (NEMA standard), the coefficients of thermal expan- 
sion in the longitudinal direction a1 = 1.3 x 10" 5 [°K' 1 ] 
and a2 = 1.5x10 6 [°K 1 ], the coefficients of ther- 
mal expansion in the transverse direction 
a1 =1.8x10* 5 I°K" 1 ] and a2 = 1.4 x 10' 5 [°K* 1 ], 
and the coefficients of thermal expansion in the 
thickness direction a1 = 5.1 x 10 " 5 [°K 1 ] and 
a2 = 2.6 x 10" 4 [°K* 1 ] . Here, a1 is the thermal expan- 
sion coefficient for temperatures not higher than the 
glass transition temperature Tg, and a2 is the thermal 
expansion coefficient for temperatures not lower than 
the glass transition temperature Tg. The glass transition 



temperature of FR-4 is about 125°C. 

The longitudinal direction is the elongated direction 
of a glass cross in a plane of the glass cross. The trans- 
verse direction is perpendicular to the longitudinal direc- 

5 tion in the same plane. 

Thus, the thermal expansion coefficient of the resin 
material for insulating layer is higher than the thermal 
expansion coefficient of the conductor metal composing 
the wiring layer including via land and the principal por- 

10 tion of conductive pillar. In particular, the thermal expan- 
sion coefficient in the thickness direction (normal 
direction of sheet) of the insulating layer, which relates 
closely to the reliability of via connection, is far larger 
than the thermal expansion coefficient of the general 

is conductor metal used for the wiring layer, being higher 
by one to two orders of magnitude. Also, the thermal 
expansion coefficient in the thickness direction of the 
insulating resin layer at temperatures higher than the 
glass transition temperature Tg is far higher than the 

20 thermal expansion coefficient at temperatures lower 
than the glass transition temperature Tg. This tendency 
is the same for insulating resin materials such a trend as 
this is seen in the same way also in an insulating resin 
material such as GPY f FR-5, CEM-3. CEM-1 , FR-3, FR- 

25 2, XXXPC, FR-1 , XPC, G-10, and the like. 

That is, the thermal expansion coefficient in the 
axial direction of the conductive pillar is lower than the 
thermal expansion coefficient of resin material compos- 
ing the insulating layer as described above not only 

30 when the material forming the conductive pillar is a 
metal but also even when the material is a conductive 
resin composition in which conductive metal powder is 
dispersed in binder resin. 

Therefore, when a thermal load is applied to the via 

35 connection using the conductive pillars, a large stress is 
produced in the central axis direction (in parallel with the 
normal direction of insulating layer) of the conductive 
pillar due to the difference between the thermal expan- 
sion coefficient of conductive pillar and that of the insu- 

40 lating layer. This stress generally acts so as to peel the 
conductive pillar from the connection of the first and 
second via land. That is, a tension acts in the normal 
direction on the intersurface between the conductive pil- 
lar and the first via land, which is a face perpendicular to 

45 the central axis of conductive pillar, and the intersurface 
between the conductive pillar and the second via land. 

Also, such a stress acting on the via connection 
using the conductive pillars caused by thermal load is 
highest at the point where three parts of insulating layer, 

so conductive pillar, and wiring layer meet. That is, when a 
thermal load is applied to the via connection using the 
conductive pillars, the triple junction where materials 
with different physical properties meet is a point where 
the greatest stress acts because the three parts of insu- 

55 lating layer, conductive pillar, and wiring layer have dif- 
ferent physical properties such as thermal expansion 
coefficient and rigidity. 

The inventor analyzed the stress produced on the 
via connection by simulation using the physical property 
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constants of materials. The analysis result revealed that 
the stress action acting so as to peel the conductive pil- 
lar from the wiring layer depends on the angle formed 
between the via land surface and the outer peripheral 
surface of conductive pillar at the portion where the wir- 5 
ing layer (via land) connects to the conductive pillar. 

That is, when the hyperboloid shaped outer periph- 
eral surface of conductive pillar connects smoothly and 
continuously to the surface of via land, the strength 
against peeling is high, but if there is a notch at the con- 10 
nection between the outer peripheral surface of conduc- 
tive pillar and the via land, stresses concentrate at this 
portion, resulting in a decrease in the peeling strength. 
The sharper the notch is. the greater the decrease in 
peeling strength is. It was also found that if the outer 15 
peripheral surface of conductive pillar connects 
smoothly to the surface of via land as a whole, the peel- 
ing strength can be maintained even if there is a micro- 
scopic notch. The connection between the outer 
peripheral surface of conductive pillar and the surface of 20 
via land draws an approximately circular closed curve, 
and when all parts on this closed curve connect 
smoothly, the maximum peeling strength is obtained. 
Anyway, if at least a part of this closed curve connects 
smoothly, the peeling strength can be increased as 25 
compared with the case where the closed curve con- 
nects while all parts thereof have a notch of a shape 
such that the stress concentration factor is great. 

The multilayer wiring board in accordance with the 
present invention was provided based on the above- 30 
described knowledge. Therefore, the multilayer wiring 
board of this invention has a via connection using a con- 
ductive pillar, and at least a part of the portion where the 
outer peripheral surface of conductive pillar connects to 
the surface of via land connects smoothly. 35 

Such a joint between the conductive pillar and the 
via land can be obtained by once pressing the tip end of 
conductive pillar by means of, for example, a hard stain- 
less steel plate for plastic deformation, and by pressing 
a metallic foil for wiring layer in this state. Also, by prop- 40 
erly setting the height of conductive pillar in formation 
with respect to the thickness of insulating layer which is 
pierced by the conductive pillar, the joint between the 
conductive pillar and the via land, which relax the notch 
effect, can be achieved easily. Here, the notch effect 45 
means a effect that stresses concentrate at the notch 
portion and deformation and breakage is liable to occur 
when an external force is applied to a solid having a 
notch. For the multilayer wiring board in accordance 
with the present invention, the shape of the connection so 
between the conductive pillar and the conductor layer or 
via land is formed by controlling so as to decrease the 
stress concentration factor. 

For the wiring layer composing the multilayer wiring 
board of the present invention, a metallic material that ss 
can be used as a wiring material, including copper and 
aluminum, can be used. Also, a conductive resin can be 
used. By patterning the conductor layer by photo-etch- 
ing process or by screen printing the conductive resin, a 



wiring layer having a wiring circuit of a predetermined 
pattern can be formed. 

The conductive pillar used for the interlayer connec- 
tion of the multilayer wiring board of the present inven- 
tion can be formed by a conductive materials such as 
conductive resin and conductive paste. It can also be 
formed by various metallic materials. 

For the conductive materials, the binders consisting 
of resin material etc. include conductive powder such as 
silver, gold, copper, and solder powder and conductive 
resin in which conductive fine particles are mixed or dis- 
persed. A plurality of metals and alloys combined can 
be used as the conductive material. 

The resins for binder component generally include 
thermoplastic resins such as polycarbonate resin, 
pdysulfone resin, polyester resin, and phenoxy resin, 
and thermosetting resins such as phenolic resin, poly- 
imide resin, and epoxy resin. In addition to these resins, 
ultraviolet curing type resins or electron beam irradia- 
tion curing type resins such as methyl methacrylate, 
diethylmethyl methacrylate, trimethytolpropane triacr- 
ylate, diethylene glycol diethyl acrylate, methyl acrylate, 
diethylene glycol ethoxylate acrylate, acrylate of e- 
caprolactone modified dipentaerythritol can be 
included. In addition, a solvent may be used in response 
to demand. 

In order to form a conductive pillar by using such a 
conductive resin, the conductive resin may be screen- 
printed using a mask, such as a metal mask, for exam- 
ple. A conductive pillar can be formed in a desired 
shape by adjusting the metal mask in shape, hole diam- 
eter, and thickness as well as adjusting the conductive 
resin layer in viscosity, thixotropy, surface tension, or 
adjusting the mask in such physical properties as sur- 
face tension and the tike. In order to control the shape of 
a conductive pillar, it is preferable to make the conduc- 
tive resin greater in viscosity than in case that it is usu- 
ally used. In addition, a conductive resin material having 
thixotropy can be also used as adjusting the conductive 
resin material in thixotropy by means of ultrasonic vibra- 
tion and the like. 

A conductive resin which a hole of the mask is filled 
with in such a way is deformed as being stretched 
between the conductor layer and the metal mask by 
drawing the mask and the conductive layer apart from 
each other in the normal direction of the conductive 
layer and as a result a conductive pillar having a nearly 
conical shape is formed on the conductive layer. Such a 
method can give a conductive pillar which has a small 
contact angle 0 to the conductive layer and has a joining 
shape so as to reduce a notch effect 

In case of attempting to form a conductive pillar 
having a higher aspect ratio, it can do to adjust the 
shape of the mask holes, physical properties of the con- 
ductive resin and the like or it can do also to relocate the 
mask at the same position and repeat a screen printing. 

And a conductive pillar may be formed by not only a 
screen printing but also a stamping method which 
presses out a conductive paste into holes of the mask, 
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or other methods. By such a method also, a conductive 
pillar having a high aspect ratio can be formed out of a 
conductive paste, a conductive resin or the like in the 
same way as a screen printing. In addition, a conductive 
pillar of metal may be formed by means of a plating $ 
method or the like. 

The conductive pillar may be formed on the conduc- 
tor layer such as copper foil, or may be formed on the 
patterned wiring layer. 

Also, the conductive pillar is formed on, for exam- 10 
pie, a synthetic resin sheet having good peeling prop- 
erty (e.g. Teflon resin such as polyvinyl idene fluoride), 
the conductive pillar is embedded in a semi-cured state 
insulating resin layer, and copper foil and wiring layer 
may be pressed on the bottom thereof. is 

A conductive pillar can be used not only for via con- 
nection in a multilayer wiring board but also for connec- 
tion between an electronic element such as a 
semiconductor device and a wiring circuit having the 
electronic element mounted on it by forming the con- 20 
ductive pillar on an electrode of the electronic element. 

For the insulating layer electrically separating wiring 
layers connected by the conductive pillar, composing 
the multilayer wiring board of the present invention, for 
example, general insulating resin materials can be 25 
used. The thickness thereof may be set as necessary, 
for example, may be set at about 40 to 800 urn. Also, the 
thickness of the insulating layer may be set together 
with the height of the conductive pillar. 

The thermoplastic resin materials that can be used 30 
as the insulating layer include polycarbonate resin, 
polysulfone resin, thermoplastic polyimide resin, poly- 
ethylene resin 4-fluoride, polyethylene resin 6-fluoride, 
and polyether etherketone resin. These insulating resin 
materials formed into a sheet shape can be used. 35 

The thermosetting resin materials include epoxy 
resin, bismaleimide triazine resin, polyimide resin, phe- 
nol resin, polyester resin, and melamine resin, or buta- 
diene rubber and butyl rubber. Also, raw rubber sheets 
of natural rubber, neoprene rubber, or silicone rubber 40 
can be used as the thermosetting resin materials. 

These insulating resin materials may be used inde- 
pendently, or may be used by filling an insulating inor- 
ganic or organic substance. Further, they can be used 
by combining with a reinforcing material such as glass 45 
cloth or glass mat, synthetic fiber or mat, and paper. 

An electronic element of the invention is an elec- 
tronic element in which a conductive pillar having an 
approximately conical shape as described above has 
been formed on an electrode or pads formed on a con- so 
necting portion to an external circuit. In addition, an 
electronic element package of the invention is an elec- 
tronic element package in which an electronic element 
is mounted by means of conductive pillars. 

A contact portion between a conductive pillar and 55 
an electrode of an electronic element is so shaped as to 
reduce a stress concentration generated between the 
conductive pillar and the electrode. The shape of the 
contact portion between the conductive pillar and the 



electrode can do with a shape having an area where the 
outside surface of the conductive pillar and the surface 
of the electrode are smoothly joined with each other. In 
addition, for example the shape may also have a portion 
in which an angle 8 made between the outside surface 
of the conductive pillar and the surface of the electrode 
is an acute angle. 

An electronic element of the invention having such 
a shape of a connecting portion to an external circuit 
can give an electronic element package of the invention 
by being mounted on a multilayer wiring board by 
means of the same method as a multilayer-manufactur- 
ing process for making a multilayer wiring board of the 
invention. 

For example, first, a wiring layer of a predetermined 
pattern having a via land at a position corresponding to 
an electrode of an electronic element and the electronic 
element having a conductive pillar formed on the elec- 
trode are arranged so as to be opposite to each other 
with an unhardened insulating resin layer between 
them. In addition, when they are pressed from both 
sides of them, the conductive pillar penetrates the sem- 
icured insulating resin layer and is connected to the via 
land as being deformed by plastic deformation. At the 
same time, the insulating resin layer is cured-completely 
by heating. 

As described above, an electronic element and an 
electronic element package of the invention have a 
great advantage that soldering is not needed in mount- 
ing. In addition, since wiring of lead wires from an elec- 
tronic element can be performed on a plurality of wiring 
layers by mounting the electronic element on a multi- 
layer wiring board of the invention, the mounting density 
is remarkably improved. In this case, it is possible to 
consider an electronic element mounted on the wiring 
board as an equivalent to the outermost one layer of the 
multilayer wiring board in composition. Accordingly, wir- 
ing of lead wires from an electronic element can be per- 
formed three-dimensionally between a plurality of wiring 
layers by performing via connection, through a conduc- 
tive pillar, between a via land of a wiring layer to be con- 
nected with an electrode of an electronic element 
through a conductive pillar and a via land of another wir- 
ing layer. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a figure schematically showing an exam- 
ple of composition of a multilayer wiring board of the 
present invention. 

FIG.2 is a figure schematically showing an example 
of the shape of a first via land. 

FIG. 3A, FIG. 3B, FK3.3C, FK3. 3D, andFIG. 3E are 
figures schematically showing other examples of the 
shape of the first via land. 

FIG. 4 is a figure showing a magnified viaconnect- 
ing portion of a multilayer wiring board of the invention 
shown in FIG. 1. 

FIG. 5 is a sectional view schematically showing 
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another example of composition of a multilayer wiring 
board of the present invention. 

FIG. 6A, FIG. -6B, and FIG. 6C are figures for 
explaining a manufacturing process of a multilayer wir- 
ing board of the invention shown in FIG. 5. s 

FIG. 7A, FIG. 7B, FIG. 7C and FIG. 7D are figures 
for explaining another example of the manufacturing 
process of a multilayer wiring board of the invention. 

FIG. 8 is a sectional view of a via connecting por- 
tion of the multilayer wiring board of FIG. 7D taken along 10 
a plane parallel with the axial direction of a conductive 
pillar. 

FIG. 9A is a figure schematically showing a sec- 
tional structure of a via connecting portion of a multi- 
layer wiring board of the invention. is 

FIG. 9B is a figure schematically showing a sec- 
tional structure of the via connecting portion shown in 
FIG. 9A. 

FIG. 9C is a perspective view schematically show- 
ing construction of the via connecting portion shown in 20 
FIG. 9A. 

FIG. 10A, FIG. 10B, and FIG. 10C are figures sche- 
matically showing examples of the shape of a connect- 
ing portion between a conductive pillar and a first via 
land or a second via land. 25 

FIG. 11A and FIG. 11 B are figures schematically 
showing undesirable examples of the shape of a con- 
necting portion between a conductive pillar and a first 
via land or a second via land, which are shown for com- 
parison. 30 

FIG. 12A and FIG. 12B are figures schematically 
showing other examples of the shape of a connecting 
portion between a conductive pillar and a first via land or 
a second via land. 

FIG. 13A is a figure schematically showing an 35 
example of construction of a multilayer wiring board of 
the invention. 

FIG. 13B is a figure schematically showing a state 
in which a thermal load is imposed on a multilayer wiring 
board of FIG. 13A. 40 

FIG. 14A, FIG. 14B, FIG. 14C, FIG. 14D, FIG. 14E, 
FIG. 14F, FIG. 14G, and FIG. 14H are figures for 
explaining an example of a manufacturing process of a 
multilayer wiring board of the invention. 

FIG. 15A, FIG. 15B. FIG. 15C, FIG. 15D, and FIG. 45 
15E are figures for explaining an example of a forming 
process of a conductive pillar 24. 

FIG. 16 is a figure schematically showing relation 
between the conductive pillar 24 and an insulating layer 
21. 50 

FIG. 1 7 is a figure schematically showing a state in 
which a first wiring layer and a second wiring layer are 
arranged so that conductive pillars may be opposite to 
each other with an insulating layer between them. 

FIG. 1 8 is a figure schematically showing construe- ss 
tion of a via connecting portion of a multilayer wiring 
board of the invention which has been formed by mak- 
ing the conductive pillars -24 penetrate the insulating 
layer 21 from both sides of it. 



-FIG. 19A, FIG. 19B, FIG. 19C, FIG. 19D, FIG. 19E, 
and FIG. 19F are figures schematically showing con- 
struction of via connecting portions of multilayer wiring 
boards manufactured, respectively, as varying the 
height h of conductive pillars. FIG. 19G is a figure sche- 
matically showing construction of a via connection of a 
multilayer wiring board of FIG. 19F having a stress 
releasing means formed in a via land. 

FIG. 20A is a perspective view schematically show- 
ing an example of an electronic element of the inven- 
tion, and FIG. 20B is a perspective view of the electronic 
element seen through from its reverse side. 

FIG. 21 A, FIG. 21 B, and FIG. 21C are figures for 
explaining an example of a method for forming a con- 
ductive pillar on an electrode of an electronic element of 
the invention. 

FIG. 22 is a perspective view schematically show- 
ing an example of an electronic element package of the 
invention. 

FIG. 23 is a figure schematically showing a sec- 
tional construction taken along line A-A of the electronic 
element package shown in FIG. 22. 

FIG. 24 is a sectional view showing an example of 
a sectional construction of a conventional multilayer wir- 
ing board. 

FIG. 25A and FIG. 25B are figures showing an 
example of a manufacturing process of a multilayer wir- 
ing board whose wiring layers are connected with each 
other by means of conductive bumps. 

FIG. 26A and FIG. 26B are figures showing another 
example of a manufacturing process of a multilayer wir- 
ing board whose wiring layers are connected with each 
other by means of conductive bumps. 

FIG. 27 is a figure schematically showing a via con- 
necting portion of a multilayer wiring board in which a 
via land is conceived by a pressurizing process. 

BEST MODE FOR CARRYING OUT THE INVENTION 

(Example 1) 

FIG. 1 schematically shows a construction of a mul- 
tilayer wiring board in accordance with the present 
invention, in which wiring layers consisting of conduc- 
tors are laminated via insulating layers. 

For this multilayer wiring board 10, a first wiring 
layer 12 is formed on a first insulating layer 1 1 a, and the 
first wiring layer 12 is provided with a first via land 12a 
as a part of its circuit pattern. A second insulating layer 
1 1b is formed on the first wiring layer 1 1, and a second 
wiring layer 13 is formed on the second insulating layer 
1 1b. The second wiring layer is provided with a second 
via land 13a at a position corresponding to the via land 
12a of the first wiring layer. 

The first and second via lands arranged in face with 
each other via the second insulating layer 1 1b are con- 
nected to each other by a conductive pillar 14. That is, 
this multilayer wiring board 10 makes interiayer connec- 
tion of different wiring layers by the conductive pillar 1 4. 
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One feature of the multilayer wiring board of the 
present invention is that the first via land 12a has a 
means for releasing a stress applied in the axial direc- 
tion of the conductive pillar 1 4, and in this -case, the first 
via land 12a is formed with a through hole 12b. 5 

FIG. 2 schematically shows one example of the 
shape of the first via land, showing a state in which the 
first via land is patterned on the first insulating layer 11a. 
This first via land 12a has one substantially circular 
through hole 12b, however, the shape and number of 10 
the through hole 12b is not limited to those shown in the 
figure. The shape of the through hole 12b may be ellip- 
tical, star-shaped, or gourd-shaped as well as circular. 
In addition, the through hole 12b preferably has a shape 
having no angular portion or notch to prevent stresses is 
from concentrating at a specific portion. 

The first via land 12a may have a plurality of 
through holes 12b. FIG. 3A, FIG. 3B. FIG. 3C, FIG. 3D, 
and FIG. 3E show several examples of the shape of via 
land to release a stress. 20 

FIG. 4 is an enlarged view of an interlayer connec- 
tion of the multilayer wiring board of the present inven- 
tion shown in FIG. 1. The first via land 12a and the 
second via land 13b are via connected to each other by 
the conductive pillars 14. The conductive pillar 14 has 25 
an intruded zone 14b which intrudes in the first insulat- 
ing layer 1 1a through the hole 1 2b formed in the first via 
land 12a. This intruded zone is, for example, formed by 
pressurizing the first insulating layer and the second 
wiring layer in the axial direction of the conductive pillar 30 
with the conductive pillar intervening between the first 
via land and the second via land. For the multilayer wir- 
ing board of the present invention using such a con- 
struction, even if a pressure load is applied in the 
direction of interlayer connection of multilayer wiring 35 
board, that is, in the axial direction of the conductive pil- 
lar 14, a part of the conductive pillar penetrates to the 
first insulating layer side, while being plastically 
deformed, through the through hole 14b, which is a 
stress releasing means formed in the first via land 12a, 40 
by which the breakage of the first via land 12a can be 
prevented. Therefore, the reliability of interlayer connec- 
tion of the multilayer wiring board is improved. Also, if 
the stress releasing means which the first via land 12a 
has is formed simultaneously with the patterning of the 45 
first wiring layer 12, the number of processes need not 
be increased. The rigidity of conductive pillar is higher 
than that of the first insulating layer, However it should 
preferably be set so that the conductive pillar is plasti- 
cally deformed to some degree so as to reduce a stress so 
when intruding. 

(Example 2) 

FIG. 5 is a sectional view schematically showing ss 
another example of a multilayer wiring board of the 
present invention. This multilayer wiring board 20 has 
four wiring layers consisting of conductors. €ach wiring 
layer has a via land provided as a part of their circuit 



patterns, and interlayer connection of wiring layers is 
made by connecting a pair of via lands in face with each 
other via an insulating layer 1 1 by means of a conduc- 
tive pillar 14. 

On both surfaces of a first insulating layer 1 1 , a first 
wiring layer 12 having a first via land 12a is formed. This 
first via land 12a is formed with a through hole 12b, as 
typically shown in FIG. 3 for example, as a stress 
releasing means. A second insulating layer 11b is 
formed on the first wiring layer 12, and a second wiring 
layer 13 having a second via land 13a is formed on the 
second insulating layer 1 1b. The first via land 12a and 
the second via land 13a are formed in face with each 
other via the second insulating layer 11b, and con- 
nected to each other by the conductive pillars 14. 

Here, both of the wiring layers formed on both sides 
of the first insulating layer 1 1a are explained as the first 
wiring layer 12. Needless to say, however, the circuit 
patterns of the first wiring layers 12 formed on both 
sides of the first insulating layer 1 1a may be different. 
Similarly, the circuit patterns of the second wiring layers 
1 3 formed on the outside layer may be different. That is, 
each wiring layer has a via land at the interlayer connec- 
tion, and the circuit pattern is formed as necessary. This 
is true even when not specially described. 

(£xample3) 

One example of a method for manufacturing the 
multilayer wiring board 20 of the present invention, typi- 
cally shown in FIG. 5, will be described. FIG. 6A, FIG. 
6B, and FIG. 6C are views for illustrating the manufac- 
turing process for the multilayer wiring board 20 of the 
present invention shown in FIG. 5. 

first, a double faced coppered laminate is prepared 
as a core substrate in which conductor layers are affixed 
on both surfaces of an insulating layer. Here, a double 
faced coppered laminate (trade name, paper/phenol 
resin coppered laminate R-8705E, manufactured by 
Matsushita Electric Works), in which a 35 nm-thick elec- 
trolytic copper foil patterned into the first wiring layer 12 
is affixed on both surfaces of a 1 .2 mm-thick paper/phe- 
nol resin insulating board, was prepared. 

Next, the copper foil, which is the first wiring layer 
12, affixed on the core substrate is patterned into a pre- 
determined wiring circuit by, for example, the photo- 
etching process. Here, a predetermined pattern of resist 
was formed on the copper foil by screen printing, the 
copper foil was selectively removed by etching with this 
resist being used as a mask and ferric chloride solution 
being used as an etchant, and then the resist was 
removed to form the first wiring layer 12 having a prede- 
termined circuit pattern (FIG. 6A). At this time, the first 
via land 12a was also formed as part of the circuit pat- 
tern of the first wiring layer 12. The first via land 12a was 
formed into a •substantially circular shape with a diame- 
ter of about 0.7 mm, and a hole 12b with a diameter of 
about 0.2 mm was formed at the center thereof. 

Here, both of the wiring circuits formed on both 
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sides of the first insulating layer 1 1a are explained as 
the first wiring circuit, but the circuit patterns of the first 
wiring layers on both sides of the first insulating layer 
were formed into a different pattern. 

Next, conductive pillars 14 having a substantially s 
conical shape were formed on the first via land 12a of 
the first wiring circuit 12. This conductive pillar 14 was 
formed by arranging a metal mask forming a pit at the 
position corresponding to the first via land 12a and by 
screen printing a conductive resin. For the metal mask, 10 
a stainless steel mask with a thickness of about 300 urn, 
in which a hole with a diameter of about 0.3 mm was 
formed, was used. For the conductive resin, in this 
example, phenol resin conductive paste with silver pow- 
der being used as a filler was used. However, both of 75 
the filler consisting of a conductor and the binder resin 
may be selected as necessary. After the printed con- 
ductive paste was dried, the process in which printing at 
the same position with the same mask and drying were 
performed was repeated three times. After heating, the 20 
conductive pillars 1 4 with a height of about 0.3 mm hav- 
ing a substantially conical shape were formed on the 
first via land 12a (FIG. 6B). The conductive pillar 14 can 
be formed into a desired shape by adjusting, for exam- 
ple, the pit diameter and thickness of the mask used, 25 
the viscosity and other physical properties of the printed 
conductive resin, and the number of printing operations. 

After the conductive pillars 14 were formed, the 
second insulating layer 11b and the second wiring cir- 
cuit 13 are laminated on both sides of the core sub- 30 
strate. Here, an epoxy resin sheet (B stage) with a 
thickness of about 70 urn was used as the second insu- 
lating layer 11b, and an electrolytic copper foil with a 
thickness of about 35 jim was used as the second wir- 
ing layer 1 3 not patterned yet 35 

The second insulating layer 11b and the second 
wiring layer 13 are arranged so that the second wiring 
layer 13 is in face with the first wiring layer 12 via the 
second insulating layer 11b (FIG. 6C), and the whole 
construction is pressurized from the outside of the sec- <o 
ond wiring layer 13 by being held with a press plate 
while being heated. By the heating and pressurizing, 
the second insulating layer 1 1b is cured into C stage. At 
this time, the substantially conical shape conductive pil- 
lar 14 pierces the second insulating layer 1 1b in semi- 45 
cured state, and connects to the facing second via land 
13a. Since the second insulating layer 11b begins to 
cure after the core substrate and the second wiring 
layer 13 come in contact with both sides of the second 
insulating layer 1 1b, the conductive pillar 14 formed on so 
the first wiring layer 1 2 can pierce the second insulating 
layer 11b relatively easily. 

Here, it is preferable to use, for example, a metal 
plate varying a little in size or shape such as a stainless 
steel plate, a brass plate or the like, or a heat resisting 55 
resin plate varying a little in size or shape such as a 
polyimide resin plate (sheet), a pdytetrafluoroethylene 
resin plate (resin sheet) or the like as a holding plate to 
be used in a pressing process. 



And when performing a pressing process in a state 
where the insulating layer is softened by heating, the tip 
of a conductive pillar becomes easy to penetrate the 
insulating layer. 

Next, a predetermined circuit is formed by pattern- 
ing the second wiring layer 13. Here, a predetermined 
pattern of resist was formed on the copper foil, which 
was the second wiring layer 13, by screen printing, the 
copper foil was selectively removed by etching with this 
resist being used as a mask and ferric chloride solution 
being used as an etchant, and then the resist was 
removed to form a predetermined circuit pattern having 
the second via land. At this time, the first via land 13a 
was also formed at the same time as part of the wiring 
circuit pattern. 

By carrying out the above process, a four-layer mul- 
tilayer wiring board, in which each wiring layer has 1000 
via connections using the conductive pillars, was 
formed (see FIG. 5). 

The wiring circuit of the multilayer wiring board 50 
thus manufactured had a connection resistance of 
about 2.1 Q Considering the pattern resistance of cop- 
per foil (wiring layer resistance per one conductive pillar 
1 mfl), the conductive pillar resistance was 1 mn on the 
average, and both of the conductive pillar resistance 
and the copper foil pattern resistance were less varied. 

The state of the interlayer connection was observed 
by cutting the multilayer wiring board in a plane parallel 
with the axial direction of the conductive pillar. As the 
result, it was found that as schematically shown in FIG. 
4, the conductive pillar 14 was joined closely to the first 
via land and the second via land, and joint condition was 
good. The second via land 12a formed a slight hollow to 
the side of the first insulating layer, but the occurrence of 
cracks was not found. A part of the conductive pillar 14 
intruded in the first insulating layer 1 1 a through the hole 
12b formed in the second via land 12a. 

For comparison, a multilayer wiring board having 
the same construction except that the first via land 12a 
is not formed with a stress releasing means was manu- 
factured under the same conditions. The wiring pattern 
of this four-layer multilayer wiring board having 1 000 via 
connections using the conductive pillars had a connec- 
tion resistance of 5.1 Q being about 3 n greater than 
the connection resistance of the multilayer wiring board 
of the present invention typically shown in FIG. 5. The 
state of the via connection was observed by cutting the 
multilayer wiring board in which the first via land is not 
provided with a stress releasing means. The observa- 
tion result was that the part of the first via land 12a 
formed a great hollow to the side of the first insulating 
layer 1 1 a, and a crack was created on the first via land 
12a. 

Thus, the multilayer wiring board of the present 
invention -can release the stress (pressure) to the via 
land applied in the axial direction of theconductive pillar 
by providing the via land having a stress releasing 
means. Also, the stress applied in the tangential direc- 
tion of the via land (tangential stress) is relaxed mainly 
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by the plastic deformation of the conductive pillar. 
Therefore, the wiring circuit including the via land is less 
prone to be broken, so that highly reliable interlayer con- 
nection can be established. Since the interlayer connec- 
tion by through hole can be restricted to the necessary 5 
minimum, the multilayer wiring board of the present 
invention can respond to high-density mounting. 

According to the method for manufacturing the mul- 
tilayer wiring board in accordance with the present 
invention, the occurrence of poor connection can be 10 
inhibited while high productivity of manufacturing 
method for the multilayer wiring board using the conduc- 
tive pillar is maintained, and further the productivity can 
be promoted. 

(Example 4) 

FIG. 7A, FIG. 7B, FIG. 7Cand FIG. 7D are views for 
illustrating another example of a method for manufactur- 
ing the multilayer wiring board of the present invention. 20 

First, a double faced coppered laminate is prepared 
as a core substrate in which conductor layers are affixed 
on both surfaces of an insulating layer. Here, a double 
faced coppered laminate (trade name, paper/phenol 
resin coppered laminate R-8705E, manufactured by 25 
Matsushita Electric Works), in which a 35 nm-thick elec- 
trolytic copper foil patterned into the first wiring layer 12 
is affixed on both surfaces of a 1 .2 mm-thick paper/phe- 
nol resin insulating board, was prepared. 

Next, the copper foil affixed on the core substrate is 30 
patterned into a predetermined wiring circuit by, for 
example, the photo-etching process. Here, a predeter- 
mined pattern of resist was formed on the copper foil by 
screen printing, the copper foil was selectively removed 
by etching with this resist being used as a mask and fer- 35 
ric chloride solution being used as an etchant, and then 
the resist was removed to form the first wiring layer 12 
having a predetermined circuit pattern (FIG. 7A). At this 
time, the first via land 1 2a was also formed as part of the 
wiring circuit pattern of the first wiring layer 12. The first 40 
via land 12a was formed into a substantially circular 
shape with a diameter of about 0.7 mm, and a hole 12b 
with a diameter of about 0.2 mm was formed at the 
center thereof. 

Here, both of the wiring circuits formed on both 45 
sides of the first insulating layer 11a are explained as 
the first wiring circuit, but the circuit patterns of the first 
wiring layers on both sides of the first insulating layer 
were formed into a different pattern. 

On the other hand, an electrolytic copper foil with a so 
thickness of about 35 *im was prepared as the second 
wiring layer 13, and a conductive pillars 14 having a 
substantially conical shape were formed on this electro- 
lytic copper foil. 

The conductive pillar 14 was formed at a position ss 
such as to correspond to the first via land formed on the 
first wiring layer 12 when the second conductor layer 13 
is stacked with the first wiring layer 12. 

The conductive pillar 14 was formed by arranging a 



metal mask forming a pit and by screen printing a con- 
ductive resin. For the metal mask, a stainless steel 
mask with a thickness of about 300 jim, in which a hole 
with a diameter of about 0.3 mm was formed, was used. 
For the conductive resin, in this example, phenol resin 
conductive paste with silver powder being used as a 
filler was used. After the printed conductive paste was 
dried, the process in which printing at the same position 
with the same mask and drying were performed was 
repeated three times. After heating, the conductive pillar 
14 with a height of about 0.3 mm having a substantially 
conical shape was formed on the first via land 12a {FK3. 
7B). 

After the core substrate in which the first wiring 
layer 12 is formed on both surfaces of the first insulating 
layer 11a and the second wiring layer {non-patterning) 
forming the conductive pillars 14 are prepared, the sec- 
ond wiring layer is arranged on both sides of the core 
substrate via the second insulating layer 1 1b as shown 
in FIG. 7C. The arrangement is performed by making 
alignment so that the first via land 12a is in face with the 
conductive pillar 14. 

For the second insulating layer 1 1b, a prepreg of B 
stage with a thickness of about 100 ^m in which glass 
cloth is impregnated with epoxy resin was used. 

The whole construction is pressurized from the out- 
side of the second wiring layer 13 by being held with a 
press plate while being heated. By the heating and 
pressurizing, the second insulating layer 11b is cured 
into C stage. At this time, the substantially conical 
shape conductive pillar 14 pierces the semi-cured state 
second insulating layer 11b, and connects to the facing 
first via land 12a: -Since the second insulating layer 1 1b 
begins to cure after the core substrate and the second 
wiring layer 13 come in contact with both sides of the 
second insulating layer 11b, the conductive pillar 14 
formed on the second wiring layer 13 can pierce the 
second insulating layer 1 1 b relatively easily. 

The tip end of the conductive pillar 1 4 is inserted in 
the through hole 1 2b, which is a stress releasing means, 
formed in the first via land 12a, and comes in close con- 
tact with the first via land 12a while being plastically 
deformed. Here, the conductive pillar 1 4 pierces into the 
first insulating layer 11a while being plastically 
deformed, but it is not so hard as to be capable of easily 
penetrating the first insulating layer 1 1a, so that it can 
come in contact with the first via land 12a without break- 
ing the first via land. 

Next, a predetermined circuit is formed by pattern- 
ing the second wiring layer. Here, a predetermined pat- 
tern of resist was formed on the copper foil, which was 
the second wiring layer 13. by screen printing, the cop- 
per foil was selectively removed by etching with this 
resist being used as a mask and ferric chloride solution 
being used as an etchant, and then the resist was 
removed to form a predetermined circuit pattern having 
the second via land. 

By carrying out the above process, a four-layer mul- 
tilayer wiring board, in which each wiring layer has 1000 
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via connections using the conductive pillars, was 
formed (FIG. 7D). 

A connection resistance of a wiring circuit of a mul- 
tilayer wiring board manufactured in such a way was 
about 2.1 ohms. This connection resistance is equiva- s 
lent to a resistance obtained by connecting one thou- 
sand conductive pillars with each other in series through 
wires of copper foil, and when considering a pattern 
resistance of the copper foil, the average of connection 
resistance per conductive pillar was about 1 mft In 10 
addition, both connection resistances of the pillars and 
pattern resistances of the copper foil were a little in var- 
iation. 

FIG. 8 schematically shows the state of interlayer 
connection observed by cutting the multilayer wiring is 
board shown in FIG. 7D in a plane in parallel with the 
axial direction of the conductive pillar. A part of the con- 
ductive pillar 14 had a portion piercing to the first insu- 
lating layer 1 1a through the hole 12b formed in the first 
via land 12a, and the conductive pillar 14 was joined 20 
closely to the first via land and the first via land, and joint 
condition was well established. The first via land 12a 
formed a slight hollow to the side of the first insulating 
layer, but the occurrence of cracks was not found. This 
is because the conductive pillar 14 intruded into the first 25 
insulating layer 11a through the hole 12b formed in the 
first via land 12a, and is plastically deformed along the 
first via land 12a. 

For comparison, a multilayer wiring board having 
the same composition as FIG. 7D except that a stress 30 
distributing means was not formed on the first via land 
1 2a was manufactured under the same conditions. The 
connection resistance of wiring patterns of a multilayer 
wiring board of 4 layers having 1000 via connection 
points made by the conductive pillars was 5.1 ohms and 35 
was about 3 ohms greater than the connection resist- 
ance of a multilayer wiring board of the invention shown 
as an example in FIG. 7D. In addition, when cutting a 
multilayer wiring board not provided with a stress distrib- 
uting means on the first via land and observing the state 40 
of a via connection of it, it was found that the first via 
land portion 1 2a was greatly hollowed to the first insulat- 
ing layer side 1 1 a. A crack was generated in the first via 
land 12a (see FIG. 27). 

In such a way, a multilayer wiring board of the inven- as 
tion can distribute a stress acting on a conductive pillar 
in its axial direction by being provided with a via land 
provided with a stress distributing means. Therefore, it 
can establish a via connection of high reliability which 
makes a wiring circuit including via lands difficult to so 
break. In addition, since it is possible to minimize within 
necessity the number of via connection points using 
through holes, it can cope with high-density mounting. 

And according to a method for manufacturing a 
multilayer wiring board of the invention, it js possible to ss 
suppress occurrence of defective connections and fur- 
thermore greatly improve the productivity as keeping a 
high productivity of a method for manufacturing a multi- 
layer wiring board using conductive pillars. 



The present invention is not limited to the above 
embodiments, and various modifications can be made 
without departing from the spirit and scope of the 
present invention. For example, the wiring layer may be 
formed by a conductive composition, or the conductive 
pillar may be made of a metal. Further, the insulating 
layer is not limited to epoxy resin, and a thermosetting 
resin, thermoplastic resin, etc. can be selected for use 
as necessary. 

(Examples) 

FIG. 9A is a view schematically showing a sectional 
construction of interlayer connection of a multilayer wir- 
ing board in accordance with the present invention. FIG. 
9B is a view schematically showing a sectional con- 
struction of interlayer connection shown in FIG. 9A, and 
FIG. 9C is a perspective view schematically showing a 
construction of interlayer connection shown in FIG. 9A. 

This multilayer wiring board comprises an insulat- 
ing layer 21 , a first land 22 formed on the first lace of the 
insulating layer 21 , and a second land 23 formed on the 
second face of the insulating layer 21 in the region in 
face with the first land 22. The first land 22 is formed as 
a part of the circuit pattern of a first wiring layer, and the 
second land 23 is formed as a part of the circuit pattern 
of a second wiring layer, which is not fully shown. 

The interlayer connection between the first wiring 
layer and the second wiring layer is established by con- 
ductive pillars 24 consisting of a conductor formed 
through the insulating layer 21 so that the first land 22 
and the second land 23 are connected to each other. 
The shape of the portion where the outer side surface of 
the conductive pillar 24 comes in contact with the sur- 
faces of the first land 22 and the second land 23 is 
formed so that stresses do not concentrate on the solid- 
solid intersurface of connection between the conductive 
pillar 24 and the first land-22 or the second land 23. 

In order to prevent the stress concentration on the 
intersurface of connection between the conductive pillar 
24 and the first land 22 or the second land 23, for exam- 
ple, the contact angle between the outer side surface of 
the conductive pillar 24 and the surfaces of the first land 
22 and the second land 23 on the side of the insulating 
layer 21 should be set so that the stress concentration 
factor decreases to the utmost. 

FIG. 10A, FIG. 10B, and FIG. 10C schematically 
show examples of connection between the conductive 
pillar 24 and the first land 22 {or the second land 23). 

The inventor analyzed the stress produced at the 
via connection using the conductive pillars by simulation 
using the physical property constant for each material. 
As a result, it was found that the stress acting so as to 
peel the conductive pillar 24 from the wiring layer or via 
land depends on the angle formed between the via land 
surface and the outer peripheral surface of conductive 
pillar at the portion where the conductive pillar 24 is 
connected to the wiring layer -(via land). Therefore, in 
the present invention, the contact angle 6 between the 
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outer peripheral surface of conductive pillar having a 
hyperboloid shape and the via land surface is controlled 
so as to decrease the stress concentration factor. 

For example, if the contact angle 9 is set so as to be 
small in such a manner that the outer side surface of s 
conductive pillar 24 connects to the surface of via land 
22 smoothly and continuously, the joining strength and 
peeling strength can be improved. For example, the via 
connection having the shape shown in FIG. 10B has a 
higher strength against peeling than the via connection 10 
having the shape shown in FIG. 10C. Similarly, the via 
connection having the shape shown in FIG. 10A has a 
higher strength against peeling than the via connection 
having the shape shown in FIG. 10B. Anyway, even the 
via connection having the shape shown in FIG. 1 0C has is 
a far higher peeling strength than the via connection 
having the shape shown in FIG. 11. 

That is, when the outer peripheral surface of con- 
ductive pillar connects to the surface of via land 
smoothly and continuously, the strength against peeling 20 
is high. If there is a notch at the junction between the 
outer peripheral surface of conductive pillar and the via 
land, stresses concentrate at this portion, resulting in a 
decrease in peeling strength. The sharper the notch is, 
the greater the peeling strength decreases. 25 

The inventors found that in the case where the 
outer peripheral surface of conductive pillar connects to 
the surface of via land smoothly as a whole, the peeling 
strength can be maintained even if there is a micro- 
scopic notch. For example, the connection between the 30 
outer peripheral surface of conductive pillar and the sur- 
face of via land draws a closed curve, such as a circle. 
When all parts on this closed curve are connected 
smoothly, the peeling strength becomes the maximum. 
Anyway, if at least a part of this closed curve connects 35 
smoothly, the peeling strength can be made higher 
compared with the case where all the parts of closed 
curve have a notch of a shape such that the stress con- 
centration factor is high. For example, the shapes 
shown in FIG. 12A and FIG. 12B have a notch macro- 40 
scopically (contact angle <t>), but the outer side surface 
of conductive pillar 24 and the surface of via land are 
connected to each other smoothly and continuously as 
a whole (contact angle 6). Therefore, even if a thermal 
stress such as solder ref low is applied in the mounting 45 
process, the via connection between the wiring layers 
can be maintained stably. 

(Example 6) 

FIG. 13A schematically shows one example of a 
construction of a multilayer wiring board in accordance 
with the present invention, and FIG. 13B schematically 
shows a state in which a thermal load is applied to the 
multilayer wiring board shown in FIG. 13 A. This mufti- ss 
layer wiring board has 3000 points of via connections 
using conductive pillars -24. 

The interlayer connection of the multilayer wiring 
hoard shown in FIG. 1 3A has the same construction as 



that of the multilayer wiring board of the present inven- 
tion shown in FIG. 9A. The conductive pillar 24 formed 
by passing through the insulating layer 21 connects the 
first via land -22 of the first wiring layer and the second 
via land 23, which are separated by the insulating layer 
21, to each other. Both of the connections between the 
conductive pillar 24 and the first via land 22 and 
between the conductive pillar 24 and the second via 
land 23 have a shape such as to relax the stress applied 
to the triple junction 25. In this example, both of the 
angle between the outer peripheral surface of conduc- 
tive pillar 24 and the surface of first via land 22 and the 
angle between the outer peripheral surface of conduc- 
tive pillar 24 and the surface of second via land 23 are 
formed into an acute angle. 

When various electronic elements are mounted on 
such a multilayer wiring board, especially in the case of 
solder ref low process, the interlayer connection is sub- 
jected to a thermal load, so that a stress is produced by 
the difference in thermal expansion coefficient and 
stresses concentrate especially at the triple junctions. 

The multilayer wiring board shown in FIG. 13A 
employs an insulating resin substrate of FR-4 standard 
as the insulating layer 21, a copper foil as the wiring 
layer, a conductive resin with fine silver particles being 
dispersed as a filler as the conductive pillar. 

The thermal expansion coefficient a1 of FR-4 in the 
normal direction of the insulating layer 21 at tempera- 
tures lower than the glass transition temperature Tg 
(about 125°C) is 5.1 x 10" 5 [°IC 1 ]. Also, the thermal 
expansion coefficient a2 of FR-4 in the thickness direc- 
tion at temperatures higher than Tg is 2.6 x 10* 4 pIC 1 ], 
being far higher than a1 . 

On the other hand, the thermal expansion coeffi- 
cient of silver composing the principal part of the con- 
ductive pillar is 17.0 x 10" 6 pK" 1 ]. Therefore, when a 
thermal load is applied to the multilayer wiring board 
shown in FIG. 13A, the insulating layer 21 expands 
more than the conductive pillar -24. Especially at tem- 
peratures higher than the glass transition temperature 
Tg, the thermal expansion coefficient of the insulating 
layer 21 is higher than that of silver by a factor of 15 or 
more. The FR-4 glass transition temperature is 125°C. 
The eutectic temperature of a Pb-Sn eutecte solder 
alloy, which is common as solder, is 183°C, so that the 
multilayer wiring board is subjected to a thermal load of 
about-220 to 240°C in solder ref low (FIG. 1 3B). 

Therefore, a high stress occurs in the axial direction 
of the conductive pillar 24 fin parallel with the normal 
direction of insulating layer) due to the difference in ther- 
mal expansion coefficient between the conductive pillar 
24 and the insulating layer 21. This stress acts on the 
junction between the conductive pillar and the first via 
land and between the conductive pillar and the second 
via land as a tension. Also, such a -stress becomes the 
maximum at fte triple junction where three parts of the 
insulating layer 21 , conductive pillar 24, and via land 22, 
23 meet. 

The via connection was investigated by heating the 
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multilayer wiring board shown in F IG. 13A at 240°C lor 

20 seconds. The result was that all the via connections 
maintained conduction and the resistance value was 
also maintained. 

For the first via land 22 and the second via land 23, s 
a means for releasing a pressure applied between the 
conductive pillar and the via land, as typically shown in 
FIG. 2, may be provided. For example, if a through hole 
12 is formed in the first via land 22 or the second via 
land 23, even when a pressure is applied between the 10 
conductive pillar and the via land, or even when a ten- 
sion is applied, the breakage of via connection is pre- 
vented, so that the function of interlayer connection can 
be maintained stably. 

FIG. 9 to FIG. 13 show the interlayer connection of 
wiring layers formed on both surfaces of one-layer insu- 
lating layer, but the above-described via connection can 
be applied similarly to the multilayer wiring board having 
wiring layers of three or more layers. 

(Example 7) 

The following is a description of a method for man- 
ufacturing the multilayer wiring board of the present 
invention having a shape such as to relax the stress 25 
applied to the junction between the conductive pillar and 
the first and second via lands. 

FIG. 14A, FIG. 14B, FIG. 14C, FIG. 14D, FIG. 14E ( 
FIG. 14F, and FIG. 14G are views for illustrating one 
example of a method for manufacturing the multilayer 30 
wiring board of the present invention. 

An electrolytic copper foil with a thickness of about 
35 urn forming the first wiring layer 22 was prepared, 
and conductive pillars were formed at predetermined 
positions on this copper foil. This conductive pillar 24 35 
was formed into a substantially conical shape with a 
bottom diameter of 250 ^m and a height of 250 jim by 
screen printing conductive paste with fine silver parti- 
cles (average particle size 10 jim in diameter) being 
used as a conductive filler (FIG. 14A). 40 

After the conductive pillar 24 was dried, a thermo- 
setting prepreg (trade name, Garaepoprepreg HE, man- 
ufactured by Toshiba Chemical) in which a glass cloth 
with a thickness of about 1 14 urn was impregnated with 
epoxy resin was prepared as the insulating layer 21, 45 
and it was laminated on the surface of the first wiring 
layer 22 on which the conductive pillars 24 were formed. 
At this time, the insulating layer 21 of B stage was 
heated to about 100°C (<Tg), and the conductive pillar 
24 was allowed to penetrate through the insulating layer so 

21 by pressing the conductive pillar 24 by a flexible 
pressing body 26 so as to prevent deformation (FIG. 
14B). At this time, the insulating layer 21 is not cured 
completely, a semi-cured state being kept. This corre- 
sponds to a pre-fabric material for the multilayer wiring ss 
board of the present invention. 

Here, a prefab material means a material prefabri- 
cated for forming a multilayer wiring board, and means 
a material in a state of FIG. 1 4B or FIG. 1 4C, for exam- 



ple. A multilayer wiring board of the invention can be 
easily made by using such prefab materials for a multi- 
layer wiring board of the invention. For example, a mul- 
tilayer wiring board having 4 wiring layers of the 
invention can be made by laminating the prefab materi- 
als of FIG. 14C on both sides of a double-sided lami- 
nate. 

Thereafter, the tip end of the conductive pillar 24 
protruding from the insulating layer 21 was pressed in 
the central axis direction of the conductive pillar 24 and 
deformed. In this example, a hard stainless steel plate 
with a thickness of about 1 mm was placed on the con- 
ductive pillar 24, and flat plate pressing was performed 
at ordinary temperature so that the tip end of conductive 
pillar was deformed in such a manner as to be collapsed 
(FIG. 14C). At this time, the collapsed head of the con- 
ductive pillar 24 was slightly swollen from the surface of 
the insulating layer 21 and exposed. In this state as well, 
this can be used as pre-fabric parts for the multilayer 
wiring board. 

Next, an electrolytic copper foil with a thickness of 
about 35 iim forming the second wiring layer was 
arranged on the surface of the insulating layer 21 to 
which the tip end of the conductive pillar 24 was 
exposed. This laminate was pressed from the outside of 
the first wiring layer 22 and the second wiring layer 23 
while being heated so as to completely cure the semi- 
cured insulating layer 21 by heating, and the conductive 
pillar 24 and the second wiring layer were pressed (FIG. 
14D). By the above-described process, a double faced 
coppered board, in which the first wiring layer -22 and 
the second wiring layer 23 are connected to each other 
via the insulating layer 21 by the conductive pillars 24, 
can be obtained. The conductive pillar 24 is formed by 
controlling the shape thereof, first the head protruding 
from the insulating layer 21 is collapsed, and then the 
conductive pillar 24 is plastically deformed at many 
stages by being pressed together with the -second wir- 
ing layer 23. Thus, a shape such that stresses do not 
concentrate at the junction between the conductive pil- 
lar 24 and the wiring layer can be obtained. 

Next, the first wiring layer 22 and the second wiring 
layer 23 were patterned into a predetermined wiring cir- 
cuit including the first via land 22a and the second via 
land 22b (FIG. 14E). In this manufacturing example, a 
mask was formed by screen printing a general etching 
resist ink (PSR-4000H, manufactured by Taiyo Ink K.K.) 
so as to obtain a predetermined wiring circuit pattern, 
the copper foil was etched by ferric chloride, and the 
resist mask was removed. When a multilayer wiring 
board having more wiring layers is manufactured with 
the two-layer wiring board having the first wiring layer 22 
and the second wiring layer -23 as shown in FIG. 14E 
being used as a core substrate, it is preferable to form a 
stress releasing means, for example, shown in FIG. 2 in 
the first via land 22a and the second via land 23a simul- 
taneously with the patterning of wiring circuit^FIG. 14F). 
The formation of the stress releasing means prevent the 
breakage of via land and wiring circuit caused when the 
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irrterlayer connection with the outside wiring layer is 
formed, resulting in the improvement in reliability of mul- 
tilayer wiring board. 

A continuity test of via connection was made by the 
conventional method in the state shown in FIG. 1 4£. As 5 
a result, abnormality was not found on the interlayer 
connection having all (3000 points) conductive pillars. 
Also, abnormal resistance value was not observed. 

(Example 8) 10 

The following is a description of an example of a 
four-layer multilayer wiring board having third wiring lay- 
ers 27a and 27b on both sides of the core substrate, 
manufactured with the multilayer wiring board in the is 
state shown in FIG. 14E being used as the core sub- 
strate. 

Pre-fabric parts, in which the third wiring layer 27a, 
27b forming conducive pillars 24 at predetermined posi- 
tions and an insulating layer 21b are laminated as 20 
shown in FIG. 14C by the same method as described 
before, are prepared. In this example, a prepreg of the 
same material as that of the insulating layer 21 was 
used for the insulating layer 21b, but an insulating mate- 
rial with different properties can be used as necessary. 25 

The double faced wiring board shown in FIG. 14E is 
used as a core substrate, and on both sides of the core 
substrate, the third wiring layer 27a, 27b and the insulat- 
ing layer 21b are arranged. At this time, they are 
arranged so that the via connection of the first wiring 30 
layer 22 and the second wiring layer 23 is in face with 
the via connection of the third wiring layers 27a and 27b, 
respectively (FIG. 14G). 

Next, this laminate was pressed from the outside of 
the third wiring layers 27a and 27b while being heated 35 
so as to completely cure the semi-cured state insulating 
layer 21b by heating, and the conductive pillar 24 and 
the third wiring layer 27a. 27b were pressed. 

By patterning the third wiring layers 27a and 27b 
into a predetermined wiring circuit, a multilayer wiring 40 
board having four wiring layers, in which the first wiring 
layer 22 and the second wiring layer 23 are connected 
to the third wiring layers 27a and 27b via the insulating 
layer 21b by the conductive pillars 24, can be obtained 
(FIG.14H). 45 

(Example 9) 

A method for manufacturing the multilayer wiring 
board of the present invention, which has a joint shape so 
having a higher peeling strength, will be described in 
more detail. First, the joint between the first wiring layer 
22 and the conductive pillar 24 will be described, and 
then the joint shape for the second wiring layer and the 
conductive pillar 24 will be described. ss 

In the example shown in FIG. 14, the joint shape for 
the first wiring layer 22 and the conductive pillar 24 is 
determined when the conductive pillars are formed on 
the first wiring layer 22 such as a copper foil. For exam- 



ple, when the conductive pillars are formed by using a 
mask such as a metal mask and by screen printing con- 
ductive resin, conductive paste, etc., the desired shape 
of conductive pillar can be formed by adjusting the 
shape, aperture diameter, and thickness of metal mask, 
and on the other hand by adjusting the physical proper- 
ties of conductive resin layer such as viscosity and sur- 
face tension. 

Here, a method for forming a conductive pillar is 
described. In this case, a method for forming a -conduc- 
tive pillar is described, taking a multilayer wiring board 
as an example. 

FIG. 15A. FIG. 15B. FIG. 15C, FIG. 15D and FIG. 
15E are views for illustrating one example of a process 
for forming the conductive pillar 24. 

A metal mask 31 having a nearly cylinder-shaped 
through hole (pit) 31a was disposed on a first wiring 
layer 22. Here, the metal mask was made of a stainless 
steel sheet of 300 jim in thickness and the through hole 
31a was set at 300 >xm in diameter. 

And the hole 31a of the metal mask 31 was filled 
with a conductive resin 33 through a screen 32 by a 
squeezer 34 (FIG. 15A and FIG. 15B). 

FIG. 15C is a figure for explaining an example of the 
screen printing. 

In this case, a conductive resin obtained by mixing 
a solvent with a material obtained by kneading silver 
fine particles with a binder resin of epoxy system was 
used as the conductive resin 33. Although the conduc- 
tive resin 33 is generally used in a state where it is usu- 
ally adjusted to be several hundred poises in viscosity, 
the present invention used the conductive resin 33 in a 
state where its viscosity was adjusted to be much 
greater than this in order to control the shape of a con- 
ductive pillar. In addition, if necessary, the conductive 
resin 33 may be used after adjusting its thixotropy <in 
case that the conductive resin 33 is thixotropic). 

After filling the hole 31a of the metal mask 31 with 
the conductive resin 33 whose viscosity has been 
adjusted in such a way, the metal mask 31 and a first 
wiring Iayer22 is separated from each other in the direc- 
tion of a normal line of the first wiring layer 22<seeFIG. 
1 5D). At this time the conductive resin 33 was deformed 
as bang stretched between the first wiring layer 22 and 
the metal mask 31 , and a conductive pillar 24 having a 
nearly conical shape was formed on the first wiring layer 
22 <see FIG. 15E). The diameter r of the bottom face of 
the formed conductive pillar having a nearly conical 
shape was about 300 ^m and its height h was about250 
urn. In addition, a part of the conductive resin 33 was 
attached to the hole 31 a of the metal mask 31 . 

A connection shape which has a small contact 
angle 6 made between the conductive pillar 24 and the 
surface of the first wiring layer 22 and which reduces a 
notch effect can be obtained by means of such a 
method as this. In case of attempting to form a conduc- 
tive pillar 24 of a higher aspect ratio (height(h)/diame- 
ter<r) of the bottom face), for example, itcan do to adjust 
tfie shape of the through hole 31a and physical proper- 



19 



37 



EP 0 805 614 A1 



38 



ties of the conductive resin 33, or it can also do to dis- 
pose the metal mask 31 at the same position and repeat 
the screen printing. 

The formation of the conductive pillar 24 is not lim- 
ited to screen printing. The stamp method, in which con- s 
ductive paste is pushed out from the hole in the mask, 
may be used for the formation. By such a method as 
well, a conductive pillar 24 having a high aspect ratio 
can be formed from conductive paste, conductive resin, 
etc. in the same way as the screen printing. Also, a con- 10 
ductive pillar consisting of metal may be formed by the 
plating method. In any case, the height and diameter of 
the conductive pillar 24 may be set in accordance with 
the construction of the formed via connection, as 
described later. is 

Although the above-mentioned method for forming 
a conductive pillar was described as taking a via con- 
nection of a multilayer wiring board as an example, quite 
in the same way it can be also formed, for example, on 
an electrode of an electronic element such as a semi- 20 
conductor chip and the like. 

The following is a description of a method for con- 
trolling the joint shape of the conductive pillar 24 thus 
formed and the second wiring layer 23. 

FIG. 16 schematically shows the relationship 25 
between the conductive pillar 24 and the insulating layer 
21, corresponding to the state shown in FIG. 14B in 
Example 3. The inventor found by experiments that the 
joint shape of the conductive pillar 24 and the second 
wiring layer 23 relates to the mass ratio between the 30 
portion where the conductive pillar 24 is embedded in 
the insulating layer 21 and the portion where the con- 
ductive pillar 24 protrudes from the surface of the insu- 
lating layer 21, and the physical property values of the 
conductive pillar 24 such as plastic deformability. 35 

It was found that for example, when an electrolytic 
copper foil is used as the wiring layer and silver fine par- 
ticles are used as a conductive filler composing the prin- 
cipal part of the conductive pillar 24, the height H of the 
conductive pillar is set so as to be greater by a factor of 40 
1 to 5, preferably by a factor of 1.6 to 4, with respect to 
the thickness d of the insulating layer 21 , by which the 
contact angle 0 between the conductive pillar 24 and the 
surface of second wiring layer 23 is decreased, so that 
the joint shape such as to relax the notch effect can be 4s 
obtained. 

The reason why the height h of the conductive pillar 
24 is set so as to be greater than the thickness d of the 
insulating layer 21 is as follows: For example, in the 
case where the insulating layer 21 is made of a thermo- so 
setting resin, the thickness thereof shrinks by about 0 to 
30% when curing is made from B stage to C stage. Also, 
in the case of thermoplastic resin, the thickness shrinks 
by about 0 to 15% by the solidification from the soft 
state. Therefore, if the height h of the conductive pillar ss 
24 exceeds at least 1 .2 times the thickness of the insu- 
lating layer 21 , at least the tip end of the conductive pil- 
lar 24 protrudes from the surface of the insulating layer 
21. This protruding portion is a portion where the joint 



shape is formed by plastic deformation when the con- 
ductive pillar 24 is pressed together with the second wir- 
ing layer 23. If the height h of the conductive pillar 24 is 
1 .2 to 5 times, preferably 1 .5 to 4 times, the thickness d 
of the insulating layer 21, the second wiring layer 23 is 
not broken, and a joint shape such that the contact 
angle 6 is small and the notch effect is relaxed can be 
obtained. 

The above description is applied to the case where 
the conductive pillar 24 is formed on either of two wiring 
layers connected to each other. 

For example, when the interlayer connection is 
formed by pushing the conductive pillars 24 in a faced 
manner from both sides of the semi-cured insulating 
layer 21 , it is preferable to set the height h of the con- 
ductive pillar 24 so as to be about 0.8 to 2 times the 
thickness d of the insulating layer 21 . 

FIG. 17 is a view showing a state in which the first 
wiring layer 22 and the second wiring layer 23 are 
arranged from both sides of the insulating layer 21 with 
the conductive pillars 24 being faced. FIG. 18 is a view 
schematically showing a construction of the multilayer 
wiring board of the present invention in which the inter- 
layer connection is formed by pushing the conductive 
pillars 24 in a faced manner from both sides of the insu- 
lating layer 21. 

On the other hand, when the interlayer connection 
is formed by forming the conductive pillar 24 on either of 
two wiring layers connected to each other as described 
above and by pushing the conductive pillar 24 from one 
side of the insulating layer 21, it is preferable to set the 
height h of the conductive pillar 24 so as to be about 1 .6 
to 4 times the thickness d of the insulating layer 21 . 

(Example 10) 

The sectional shape of the conductive pillar 24 and 
the contact angle between the conductive pillar 24 and 
the wiring layer 22, 23, 27a, 27b were observed by cut- 
ting the multilayer wiring board of the present invention 
manufactured in -Example 4. The sectional shape in the 
plane in parallel with the axis of the conductive pillar 24 
was a hand drum shape. The contact angle 0 was in the 
range between 30° and 80°. 

Five 4-layer multilayer wiring boards having 9000 
points of conductive pillars 24, manufactured as 
described above, were prepared. These multilayer wir- 
ing boards were dipped in a solder bath of 288*0 for 20 
seconds duration and pulled up to evaluate the change 
in wiring resistance. The measured wiring resistance 
values were in the measurement tolerance range before 
and after the evaluation test, and there was no substan- 
tial change. Even when the same test was repeated five 
times, a significant change in resistance value was not 
found. 

Also, five 4-layer multilayer wiring boards having 
9000 points of conductive pillars 24, manufactured as 
described above, were prepared, and thermal cycle test 
was conducted. "For the thermal cycle test, a cycle, in 
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which the multilayer wiring board was allowed to stand 
at -65°C and +1 25°C for 30 minutes each, was repeated 
3000 times. A significant change in wiring resistance 
values was not observed before and after the test, and 
all the values were in the range of measurement toler- 
ance. 

For comparison, a multilayer wiring board having 
four wiring layers, in which the height of the conductive 
pillar 24 was smaller than the thickness of the insulating 
layer 21 through which the tip end of the conductive pil- 
lar 24 pierced (considering the shrinkage of the insulat- 
ing layer 21 due to thermoharderting), was 
manufactured by the manufacturing method described 
in Examples C3 and C4. Materials for all elements 
including the insulating layers 21 and 21b, the wiring 
layers 22, 23, 27a, and 27b, and the conductive pillar 24 
were the same as those used in Examples C3 and C4. 
The wiring circuit was formed into the same pattern. 
The sectional shape of the conductive pillar 24 and the 
contact angle between the conductive pillar and the wir- 
ing layer 22, 23, 27a, 27b were observed by cutting the 
multilayer wiring board. The sectional shape in the 
plane in parallel with the axis of the conductive pillar 24 
was as shown in FIG. 11A and FIG. 11B. The contact 
angle was in the range between 30° and 150°. 

This multilayer wiring board of comparative exam- 
ple was dipped in a solder bath of 288° for 20 seconds 
and then pulled up to test the change in wiring resist- 
ance. The result was that 95% in average of via connec- 
tion was broken. The cross section was observed by 
cutting, and it was found that peeling occurred on the 
joint intersurface between the conductive pillar 24 and 
the wiring layer 22, 23, 27a, 27b. This is because the 
insulating layer 21, 21b thermally expanded greater 
than the conductive pillar 24 in the axial direction of the 
conductive pillar 24 due to a thermal load caused by the 
solder bath, and in the multilayer wiring board of com- 
parative example, a high stress (tension) concentrated 
on the joint intersurface between the conductive pillar 
24 and the wiring layer 22, 23, 27a, 27b, especially at 
the notch of the junction between the outer side surface 
of conductive pillar 24 and the wiring layer. 

(Example 11) 

Next, the relationship between the height h of the 
conductive pillar 24 and the thickness d of the insulating 
layer 21 will be described. The inventor prepared multi- 
layer wiring boards of the present invention by changing 
the height h of the conductive pillar 24, and conducted 
various tests. 

For the insulating layer 21 , a glass cloth filled epoxy 
resin prepreg with a thickness of 1 15 urn was used. On 
the other hand, for the first wiring layer 22 and the sec- 
ond wiring layer 23, an electrolytic copper foil with a 
thickness of 35 urn was used. Fa the conductive pillar 
24, the screen printing, drying, and curing of conductive 
paste with fine silver particles being used as a conduc- 
tive filler were repeated. Thus, six kinds of multilayer 



wiring boards with different height d of the conductive 
pillar 24 were manufactured. All conductive pillars 24 
had a substantially conical shape having a substantially 
circular bottom surface, and the diameter of the bottom 

5 surface was about 250 urn. The height d was 100 urn, 
140 jim, 200 ^m, 300 *im, 570 jim, and 600 urn. The 
contact angle 0 between the first wiring layer 22 and the 
conductive pillar 24 is, in any case, such that stresses 
do not concentrate. The insulating layer 21 shrinks by 

w about 20% in curing, and the thickness thereof d 
becomes about 100 jim. Therefore, in the case where 
the height h of the conductive pillar 24 is 100 pm, the 
protruding height of the conductive pillar 24 is such that 
the conductive pillar 24 is exposed slightly, and in other 

is cases, it is about 40 urn, 100 jim, 200 jim, 470 urn, or 
500 urn. 

TTie insulating layer 21 consisting of a glass doth 
filled epoxy resin prepreg with a thickness of 115 pirn 
was laminated on the first wiring layer 22 forming such 

20 conductive pillars 24, and the whole construction was 
pressed by means of a stainless steel plate so that the 
head of the conductive pillar 24 was crushed to be 
deformed plastically. Then, the second wiring layer 23 
consisting of an electrolytic copper foil with a thickness 

25 of 35 urn was laminated, and the whole construction 
was pressed while being heated. The insulating layer 
was cured by heating, and on the other hand, the first 
wiring layer 22 and the second wiring layer 23 were con- 
nected to «ach other by the conductive pillars 24. 

30 By cutting six kinds of multilayer wiring boards thus 
manufactured, photographic observation was made on 
the construction of interlayer connection including the 
conductive pillar 24. FIG. 19A schematically shows a 
construction of interlayer connection of the multilayer 

35 wiring board manufactured by adjusting the height h of 
the conductive pillar 24 to 100 jim. FIG. 19B, FIG. 19C. 
FIG. 19D.FIG. 19E,andFIG. 19F schematically show a 
construction of interlayer connection of the multilayer 
wiring board manufactured by adjusting the height d of 

40 the conductive pillar 24 to 1 40 jim, 200 urn, 300 jim, 570 
itm, and 600 tim, respectively. 

When the height h of the conductive pillar 24 is 
smaller than the thickness d of the insulating layer 21 , 
the joint area with the second wiring layer 23 was not 

45 sufficient as shown in FIG. 19A. The contact angle 6 
was larger than 90°, being approximately in the range 
between 100° and 160°. 

On the other hand, when the height h of the con- 
ductive pillar 24 was set so as to be greater than the 

so thickness d of the insulating layer 21 (h ■ 140 jim, 200 
\im, 300 jim, 570 urn), the joint area with the second wir- 
ing layer 23 was sufficient, and the contact angle 0 was 
smaller than 90°, being such that stresses are less 
prone to concentrate. The contact angle 6 was in the 

55 range between 30° and 80°. 

However, when the height h of the conductive pillar 
24 exceeds five times the thickness of the insulating 
layer 21 (FIG. 19F), some parts of the second wiring 
layer 23 were damaged. A multilayer wiring board, in 
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which the second wiring layer was formed on another 
insulating layer 21c, and a stress releasing means as 
typically shown in FIG. 2 was provided in the via land 
connecting to the conductive pillar 24 with a height h of 
600 urn, was manufactured. On this multilayer wiring 
board, the damage to the second wiring layer 23, like 
the damage in FIG. 19F, was not found (FIG. 19G). The 
conductive pillar 24 had an intruded zone 24b in which 
part of the conductive pillar 24 intrudes in the insulating 
layer 21c. 

The first wiring layer 22 and the second wiring layer 
23 of the multilayer wiring board shown in FIG. 19A to 
FIG. 19F were patterned into a wiring circuit, and the 
multilayer wiring board was subjected to a test in which 
the multilayer wiring board was dipped in a solder bath 
of about 288°C for 20 seconds and then pulled up, by 
which the change in wiring resistance before and after 
the test was investigated. 

On the multilayer wiring board in which the height h 
of the conductive pillar 24 in formation was set at 100 
tun and 600 jim, poor connection was found after the 
test, and the resistance value increased even at the por- 
tion where continuity was maintained. 

On the other hand, on the multilayer wiring board in 
which the height h of the conductive pillar 24 in forma- 
tion was set at 140 to 570 nm, a significant change in 
wiring resistance value before and after the test was not 
found, and the wiring resistance value was in the range 
within the measurement tolerance. Even when the 
same test was repeated five times, a significant change 
in wiring resistance value was not found, and the wiring 
resistance value was in the range within the measure- 
ment tolerance 

Apart from this, the first wiring layer 22 and the sec- 
ond wiring layer 23 of the multilayer wiring board shown 
in FIG. 19A to FIG. 19F were patterned into a wiring cir- 
cuit, and a hot oil test, in which thermal load cycles of 
20°C for 20 seconds and 260°C for 5 seconds were 
repeated, was conducted to investigate the change in 
wiring resistance before and after the test. 

On the multilayer wiring board in which the height h 
of the conductive pillar 24 in formation was set at 100 
urn and 600 nm, poor connection was found after the 
test, and the resistance value increased even at the por- 
tion where continuity was maintained. 

On the other hand, on the multilayer wiring board in 
which the height h of the conductive pillar 24 in forma- 
tion was set at 140 to 570 pm, a significant change in 
wiring resistance value before and after the test was not 
found, and the wiring resistance value was in the range 
within the measurement tolerance. Even when the 
same test was repeated five times, a significant change 
in wiring resistance value was not found, and the wiring 
resistance value was in the range within the measure- 
ment tolerance. 

Also, a multilayer wiring board (four-layer board) of 
the present invention having interlayer connection using 
10,000 points of conductive pillars was manufactured. 
On this multilayer wiring board, most connection shapes 



between the outer side surface of conductive pillar 24 
and the surface of wiring layer (via land) were as shown 
in FIG. 10A, FIG. 10B, and "FIG. 10C. In some connec- 
tion shapes, the macroscopic contact angle 8 as shown 

5 in FIG. 1 2A and FIG. 1 2B was smaller than 90°, but the 
microscopic contact angle 9 included angles over 90°. 

The hot oil test as described above was conducted 
on this multilayer wiring board to investigate the continu- 
ity of interlayer connection. The result was that thecon- 

10 tinutty was maintained at all connections. Also, a 
significant change in wiring resistance value was not 
found, and the wiring resistance value was in the range 
within the measurement tolerance. Even when the 
same test was repeated five times, a significant change 

15 in wiring resistance value was not found, and the wiring 
resistance value was in the range within the measure- 
ment tolerance. For comparison, a multilayer wiring 
board (four-layer board) having interlayer connection 
using 10,000 conductive pillars, which has a connection 

20 shape in which the macroscopic contact angle 0 as 
shown in FIG. 11 A and FIG. 11B was larger than 90°, 
was manufactured, and the same test was conducted. 
The result was that all connections had poor continuity. 
Such a multilayer wiring board of the present inven- 

25 tion has the construction of interlayer connection having 
conductive pillars such that stresses do not concentrate, 
so that the occurrence of peeling and breakage of the 
conductive pillar and wiring layer can be prevented even 
when a thermal load is applied in the mounting process, 

30 application environment etc. Therefore, a multilayer 
wiring board having high reliability and simple construc- 
tion can be provided. Also, the multilayer wiring board of 
the present invention has a small number of through 
holes, or need not have through holes, so that the elec- 

35 tronic element mountable area is expanded, and high- 
density mounting can be achieved. 

Also, according to the method for manufacturing the 
multilayer wiring board of the present invention, a multi- 
layer wiring board having an increased joint strength 

40 between the conductive pillar and the wiring layer can 
be manufactured without a decrease in productivity. 
According to the method for manufacturing the multi- 
layer wiring board of the present invention, the electrical 
connection between the wiring layers can be main- 

45 tained easily and reliably. Accordingly, a highly reliable 
multilayer wiring board can be provided at a low cost 

The multilayer wiring board of the present invention 
is used not only as the wiring board for general elec- 
tronic equipment, personal computers, etc. but also as 

so the wiring board for multi chip modules (MCM) and chip 
sized package (CSP), by which the increase in reliability 
of connection and the increase in mounting density can 
be achieved. 

55 (Example 12) 

FIG. 20A is a perspective view schematically show- 
ing an example of an electronic element of the inven- 
tion, and FIG. 20B is a perspective view schematically 



22 



43 



EP 0 805 614 A1 



44 



showing construction of the electronic element seen 
through from its reverse side. Here, a semiconductor 
device is shown as an example of the electronic ele- 
ment. This semiconductor device 41 is in a bare-chip 
state and has 64 electrodes 42 for connecting to an s 
external circuit A conductive pillar 43 having a nearly 
conical shape as described above is formed on each of 
the electrodes 42. As an electronic element, not only a 
semiconductor device but also a surface acoustic wave 
device for example may be used. In addition, an elec- 
tronic element may be not only in a bare-chip state but 
also in a state of being molded with resin and the like or 
in a state of being sealed in a metal case and the like. 

This conductive pillar 43 was formed by means of 
the same method as described above. FIG. 21 A, FIG. 
21 B, and FIG. 21 C are figures for explaining an example 
of a method for forming a conductive pillar on an elec- 
trode of an electronic element First, a metal mask 31 
having through holes 31 a in the shape of a cylinder was 
arranged at a specified position on the upper side of 
electrodes 42 (see FIG. 21 A). In addition, the holes 31a 
were filled with the conductive resin 33 by means of a 
screen printing (FIG. 21 B), and then by drawing up the 
metal mask 31 in the direction of a normal line of the 
surface of the electrode 42, a conductive pillar 43 hav- 
ing a nearly conical shape was formed on the electrode 

42 (FIG. 21 C). The conductive pillar 43 formed in such 
a way was fixed in shape by heating and hardening its 
binder resin. 

The contact portion between the conductive pillar 

43 and the electrode 42 had a shape where the outer 
circumferential surface of the conductive pillar 43 and 
the surface of the electrode 42 were smoothly joined to 
each other and a stress was hard to concentrate. 

An electronic element of the invention such as this 
which has a conductive pillar as a connecting means to 
an external circuit can give an electronic element pack- 
age of the invention by being mounted on a multilayer 
wiring board by means of the same method as a multi- 
layer-manufacturing process for making a multilayer wir- 
ing board according to the invention. 

For example, first a wiring layer of a specified pat- 
tern having a via land at a position corresponding to an 
electrode of an electronic element and the electronic 
element having a conductive pillar formed on the elec- 
trode are arranged so as to be opposite to each other 
with interposing an unhardened insulating resin layer 
between them. In addition, when they are pressed from 
both sides of them, the conductive pillar penetrates the 
semicured insulating resin layer and is connected to the so 
via land as being deformed by plastic deformation. At 
the same time the insulating resin layer is hardened by 
heating. 

As described above, an electronic element of the 
invention has a great advantage that soldering is not ss 
needed in mounting. In addition, since wiring of lead 
wires from an electronic element can be performed on a 
plurality of wiring layers by mounting the electronic ele- 
ment on a multilayer wiring board of the invention, the 



mounting density is remarkably improved. 
(Example 13) 

FIG. 22 is a perspective view schematically show- 
ing an example of an electronic element package of the 
invention. FIG. 23 is a figure schematically showing a 
sectional construction taken along line A-A of the elec- 
tronic element package shown in FIG. 22. 

This electronic element package is an electronic 
element package which is obtained by mounting an 
electronic element 40 of the invention described above 
on a multilayer wiring board 50 of the invention as 
described above and in which the semiconductor device 
41 and the multilayer wiring board 50 are electrically 
connected to each other through the conductive pillars 
43. 

An electrode 42 of the semiconductor device 41 
and a via* land 13a of the wiring board are connected 
with each other by the conductive pillar 43. This via land 
13a has a through hole illustrated in FIG. 2 and can 
release a normal line stress acting on the conductive pil- 
lar in its axial direction. Some via lands 13a are directly 
connected to via lands of another wiring layer through 
conductive pillars 14. In the electronic element package 
of FIG. 22, the electrodes 42 of the semiconductor 
device 41 are connected to via lands formed on a plural- 
ity of different wiring layers. For example, an electrode 
42a is connected to a wiring layer which the via land 1 3a 
belongs to, while an electrode 42b is connected to a wir- 
ing layer which the via land 12a belongs to. Therefore, 
according to the invention, even an electronic element 
having a number of electrodes can make wiring of its 
lead wires easier and can make its mounting area 
smaller. In addition, a connecting portion between an 
electronic element package and an external circuit may 
be made at a peripheral area or at the reverse side of 
the electronic element mounting side of the multilayer 
wiring board 50 so as to form a pad for PGA, BGA, or 
wire bonding, for example. It is a matter of course that a 
via connection adopting a via land and a conductive pil- 
lar which a multilayer wiring board of the invention is 
provided with as described above may be used also in a 
connecting portion between such an electronic element 
package and an external circuit. 

The construction of such an electronic element 
package can be applied to a chip-sized package (CSP) 
whose package size is very close to a chip size. 

In this way, an electronic element package suitable 
for high-density mounting can be obtained by combining 
together a multilayer wiring board and an electronic ele- 
ment according to the present invention. The number of 
electronic elements to be mounted on a board is not lim- 
ited to one, but a plurality of electronic elements of dif- 
ferent kinds may be mounted on a single multilayer 
wiring board. For example, also in case of forming a 
multi chip module by mounting a semiconductor device, 
a chip capacitor and the like, the invention can be 
applied quite in the same way. 
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INDUSTRIAL APPLICABILITY 

As described above, a multilayer wiring board of the 
invention can release a stress acting on a conductive 
pillar in its axial direction by being provided with a via s 
land having a stress releasing means. In addition, a 
stress acting on the via land in its tangential direction 
(tangential stress) can be relaxed mainly by plastic 
deformation of the conductive pillar. Accordingly, it can 
avoid breakage of a via land and a wiring circuit, and 10 
can establish a via connection of high reliability. In addi- 
tion, since it can minimize within necessity the number 
of via connections made by through holes, it can cope 
with high-density mounting. 

And since a multilayer wiring board of the invention is 
has a shape in which a stress is not concentrated on a 
contact portion between a conductive pillar and a via 
land or a wiring layer, it can prevent occurrence of exfo- 
liation or disconnection between the conductive pillar 
and the wiring layer even in case that a thermal load is 20 
imposed on it in a manufacturing process, a mounting 
process, an environment of use, or the like. Accordingly, 
it can provide a multilayer wiring board of high reliability 
and simple structure. In addition, since a multilayer wir- 
ing board of the invention can do with a few or no 25 
through holes, it can have a larger area where an elec- 
tronic element can be mounted and can cope with high- 
density mounting. Additionally, furthermore, by using it 
in combination with a stress releasing means, breakage 
of a via connection can be prevented and the function of 30 
a via connection can be kept stable, even in case that a 
pressure or a tension acts between a conductive pillar 
and a via land. 

Reliability of connection and density of mounting 
can be improved by using such a multilayer wiring board 35 
of the invention not only as a wiring board of a general 
electronic machine, a personal computer, or the like but 
also as a wiring board of a multi chip module (MCM) or 
a chip-sized package (CSP). 

According to a prefabricated material for a multi- 40 
layer wiring board of the invention, it is possible to easily 
manufacture a multilayer wiring board having via con- 
necting portions of simple structure and of high reliabil- 
ity using conductive pillars. 

And according to a method for manufacturing a 45 
multilayer wiring board of the invention, it is possible to 
suppress occurrence of defective connections as keep- 
ing a high productivity of the method fa manufacturing 
a multilayer wiring board using conductive pillars. Fur- 
thermore, the productivity can be also improved. so 

And according to a method for manufacturing a 
multilayer wiring board of the invention, it is possible to 
manufacture a multilayer wiring board in which a joining 
strength of a conductive pillar with a wiring layer has 
been improved, without lowering the productivity, ss 
According to a method for manufacturing a multilayer 
wiring board of the invention, it is possible to easily and 
surely secure an electrical connection between wiring 
layers. Therefore, it is possible to provide a multilayer 



wiring board of high reliability at a low cost. 

And according to a method for faming a conductive 
pillar of the invention, it is possible to form a conductive 
pillar of high -connection reliability which makes a stress 
hard to -concentrate, for example, on an electrode of an 
electronic element, a conductor layer or a via land of a 
wiring board, or the like. 

An electronic element of the invention can be 
mounted without using solder. Accordingly, it is possible 
to protect workers' health in a manufacturing process 
and prevent environmental pollution. In addition, since 
an electronic element of the invention can perform wir- 
ing of lead wires from the electronic element on a plural- 
ity of wiring layers by mounting the electronic element 
on a multilayer wiring board, it is possible to remarkably 
promote the mounting density. 

According to an electronic element package of the 
invention, it is possible to make the electronic element 
mounting side be muttilayered to use it and to cope with 
mounting an electronic element having a number of 
electrodes in a small mounting area. Therefore, it is pos- 
sible to make smaller in size various kinds of electronic 
element mounting packages including CSP and MCM 
or to more greatly improve their mounting density. Since 
wiring of lead wires from electrodes of an electronic ele- 
ment becomes easy, it is possible to greatly improve the 
degree of freedom in design. 

Claims 

1 . A multilayer wiring board having a lamination of wir- 
ing layers and at least an insulating layer, compris- 
ing: 

a first insulating layer having a first face; 
a first wiring layer formed on the first face of the 
first insulating layer, the first wiring layer having 
a first via land, and the first via land having a 
through hole; 

a second wiring layer formed on the first wiring 
layer; 

a second via land formed on the second insu- 
lating layer in face with the first via land; and 
a conductive pillar connecting the first via land 
and the second via land, the pillar having an 
intruded zone in the first insulating layer 
through the hole of the first via land. 

2. A multilayer wiring board as set forth in claim 1, 
wherein a rigidity of the conductive pillar is higher 
than a rigidity of the first insulating layer. 

3. A multilayer wiring board as set forth in claim 1, 
wherein the conductive pillar is made of a conduc- 
tive resin. 

4. A multilayer wiring -board as set forth in daim 1, 
wherein the contact portion of the outer side sur- 
face of the conductive pillar and the surface of the 



24 



47 



EP 0 805 614 A1 



48 



first and the second via land having a shape so as 
to relax a stress concentration applied between the 
conductive pillar and the first and the second via 
land. 

5 

5. A multilayer wiring board as set forth in claim 1, 
wherein 

the contact portion of the outer side surface of the 
conductive pillar and the surface of the first and the 
second via land having a part smoothly continuous. 10 

6. A multilayer wiring board as set forth in claim 1, 
wherein 

an angle of the outer side surface of the conductive 
pillar and the surface of the first and the second via is 
land is an acute angle. 

7. A multilayer wiring board having a lamination of wir- 
ing layers and at least an insulating layer, compris- 
ing: 20 

a first insulating layer having a first face; 
a first wiring layer formed on the first face of the 
first insulating layer, the first wiring layer having 
a first via land; 25 
a second insulating layer formed on the first 
wiring layer; 

a second via land formed on the second insu- 
lating layer, and the second via land formed in 
face with the first via land; 30 
a conductive pillar connecting the first via land 
and the second via land ; and 
a stress releasing means formed in the first or 
the second via land for releasing a stress 
applied perpendicular to the surface of the first 35 
or the second via land. 

8. A multilayer wiring board as set forth in claim 7, 
wherein the stress releasing means is at least one 
through hole formed in the first via land or second 40 
via land. 

9. A multilayer wiring board as set forth in claim 7, 
wherein a rigidity of the conductive pillar is higher 
than a rigidity of the first insulating layer. 45 

10. A multilayer wiring board as set forth in claim 7, 
wherein the conductive pillar is made of a conduc- 
tive resin. 

so 

11. A multilayer wiring board as set forth in claim 7, 
wherein the contact portion of the outer side sur- 
face of the conductive pillar and the surface of the 
first and the second via land having a shape so as 

to relax a stress concentration applied between the ss 
conductive pillar and the first and the second via 
land. 

12. A multilayer wiring board as set forth in claim 7, 



wherein 

the contact portion of the outer ^side surface of the 
conductive pillar and the surface of the first and the 
second via land having a part smoothly continuous. 

13. A multilayer wiring board as set forth in daim 7, 
wherein 

an angle of the outer side surface of the conductive 
pillar and the surface of the first and the second via 
land is an acute angle. 

14. A multilayer wiring board having a lamination of a 
wiring layer and an insulating layer, comprising: 

an insulating layer having a first face and a sec- 
ond face; 

a first wiring layer formed on the first face of the 
insulating layer, and the first wiring layer having 
a first via lard; 

a second wiring layer formed on the second 
face of the insulating layer, the second wiring 
layer having a second via land, and the second 
via land formed in face with the first via land; 
and 

a conductive pillar connecting the first via land 
and the second via land, 

wherein the contact portion of the outer 
side surface of the conductive pillar and the 
surface of the first and the second via land hav- 
ing a shape so as to relax a stress concentra- 
tion applied between the conductive pillar and 
the first and the second via land. 

15. A multilayer wiring board as set forth in claim 14, 
wherein the conductive pillar is made of a conduc- 
tive resin. 

16. A multilayer wiring board as set forth in claim 14, 
wherein an linear thermal expansion coefficient in 
the axial direction of the conductive pillar is larger 
than that of the insulating layer. 

17. A multilayer wiring board as set forth in claim 14, 
wherein the shape of the contact portion of the 
outer side surface of the conductive pillar and the 
surface of the first and the second via land having a 
part smoothly continuous. 

18. A multilayer wiring board as set forth in claim 17, 
wherein the conductive pillar is made of a conduc- 
tive resin. 

19. A multilayer wiring board as set forth in claim 17, 
wherein an linear thermal expansion coefficient in 
the axial direction of the conductive pillar is larger 
than that of the insulating layer. 

20. A multilayer wiring board as set forth in claim 14, 
wherein 
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the shape of the contact portion having a part of an 
angle of the outer side surface of the conductive pil- 
lar and the surface of the first and the second via 
land is an acute. 

5 

21. A multilayer wiring board as set forth in claim 20, 
wherein the conductive pillar is made of a conduc- 
tive resin. 

22. A multilayer wiring board as set forth in claim 20, 10 
wherein an linear thermal expansion coefficient in 
the axial direction of the conductive pillar is larger 
than that of the insulating layer. 

23. A prefabricated material for a multilayer wiring is 
board, comprising: 

a conductor layer; 

a conductive pillar formed on the conductor 
layer, the conductive pillar having substantially 20 
conical shape; 

a insulating layer formed so that a part of the 
conductive pillar is exposed on the insulating 
layer, the insulating layer is made of a uncured 
insulating resin, 25 

wherein the height of the conductive pil- 
lar h is approximately in the range from 1.2d to 
5d when taking the thickness of the insulating 
layer as d. 

30 

24. A prefabricated material for a multilayer wiring 
board as set forth in claim 23, wherein the contact 
portion of the outer side surface of the conductive 
pillar and the surface of the conductor layer having 

a shape so as to relax a stress concentration 35 
applied between the conductive pillar and the con- 
ductor layer. 

25. A prefabricated material for a multilayer wiring 
board as set forth in claim 23, wherein a shape of 40 
the contact portion of the outer side surface of the 
conductive pillar and the surface of the conductor 
layer having a part smoothly continuous. 

26. A method for manufacturing a multilayer wiring 45 
board, comprising: 

a step of forming a first wiring layer having a 
first via land with a stress releasing means on a 
first insulating layer; so 
a step of forming a conductive pillar having a 
substantially conical shape at a region of a con- 
ductor layer in face with the first via land when 
opposed to the first wiring layer; 
a step of arranging the first insulating layer and ss 
the conductor layer so as to face the first via 
land with the conductive pillar; and 
a step of pressing the first insulating layer and 
the conductor layer in the axial direction of the 



conductive pillar so as to connect the first via 
land and the conductive pillar. 

27. A method for manufacturing a multilayer wiring 
board as set forth in claim 26, wherein the stress 
releasing means is a hole formed in the first via 
land, and in the step of pressing the first insulating 
layer and the conductor layer, wherein the first insu- 
lating layer and the conductor layer are pressed so 
that a part of the conductive pillar intrudes into the 
first insulating layer through the hole of the first via 
land. 

28. A method for manufacturing a multilayer wiring 
board, comprising: 

a step of forming a first wiring layer having a 
first via land with a stress releasing means on a 
first face of a first insulating layer; 
a step of forming a conductive pillar having a 
substantially conical shape on a first via land; 
a step of laminating a second insulating layer 
made of an uncured resin so that a part of the 
conductive pillar is exposed; 
a step of opposing the first face of the first insu- 
lating layer and a conductor layer; and 
a step of pressing the first insulating layer and 
the conductor layer in the axial direction of the 
conductive pillar so as to connect the conduc- 
tive pillar and the conductor layer. 

29. A method for manufacturing a multilayer wiring 
board as set forth in claim 28, wherein the stress 
releasing means is a hole formed in the first via 
land, and in the step of pressing the first insulating 
layer and the conductor layer, wherein the first insu- 
lating layer and the conductor layer are pressed so 
that a part of the conductive pillar intrudes into the 
first insulating layer through the hole of the first via 
land. 

3a A method for manufacturing a multilayer wiring 
board, comprising: 

a step of forming a first wiring layer having a 

first via land with a stress releasing means on a 

first face of a first insulating layer; 

a step of forming a first conductive pillar having 

a substantially conical shape on the first via 

land; 

a step of forming a second conductive pillar 
having a substantially conical shape at a region 
of a conductor layer in face with the first con- 
ductive pillar when opposed to the first wiring 
layer; 

a step of arranging a second insulating layer 
made of an uncured resin intervened between 
the first insulating layer and the conductor layer 
so as to face the first conductive pillar with the 
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second conductive pillar; and 
a step of pressing the first insulating layer and 
the conductor layer in the axial direction of the 
conductive pillar so as to connect the first con- 
ductive pillar and the second conductive pillar. 5 

31. A method for manufacturing a multilayer wiring 
board as set forth in claim 30, wherein the stress 
releasing means is a hole formed in the first or the 
second via land, and in the step of pressing the first 10 
insulating layer and the conductor layer, wherein 
the first insulating layer and the conductor layer are 
pressed so that a part of the first conductive pillar 
intrudes into the first insulating layer through the 
hole of the first via land. is 

32. A method for manufacturing a multilayer wiring 
board, comprising: 

a step of forming a first conductive pillar having 20 
a substantially conical shape on a first conduc- 
tor layer so that the contact portion of the outer 
side surface of the conductive pillar and the first 
conductor layer having a shape so as to relax a 
stress concentration applied between the con- 25 
ductive pillar and the second conductive layer; 
a step of laminating a insulating layer made of 
an uncured resin so that a part of the conduc- 
tive pillar is exposed; 

a step of pressing the conductive pillar in its 30 
axial direction so that the exposed part of the 
conductive pillar is plastically crushed; 
a step of arranging a second conductor layer 
on the insulating layer; 

a step of pressing the first conductor layer and 35 
the second conductor layer being connected in 
the axial direction of the conductive pillar; and 
a step of curing the insulating layer. 

33. A method for manufacturing a multilayer wiring ao 
board as set forth in claim 32, in the step of press- 
ing the first and the second conductor layer, 
wherein the first and the second conductive layer 
are pressed so that the contact portion of the outer 
side surface of the conductive pillar and the second 45 
conductor layer having a shape so as to relax a 
stress concentration applied between the conduc- 
tive pillar and the second conductive layer. 

34. A method for manufacturing a multilayer wiring so 
board as set forth in claim 32, in the step of press- 
ing the first and the second conductor layer, 
wherein the first and the second conductive layer 
are pressed so that a contact portion of the outer 
side surface of the conductive pillar and the second ss 
conductor layer having a part smoothly continuous. 

35. A method for manufacturing a multilayer wiring 
board as set forth in claim 32, wherein a step of 



forming the conductive pillar, a height of the con- 
ductive pillar h is approximately in the range of 1 .26 
< h <, 5d when taking a thickness of the uncured 
insulating layer as d. 

36. A method for manufacturing a multilayer wiring 
board as set forth in claim 32, wherein a step of 
forming the conductive pillar, an thickness of the 
uncured insulating layer d is approximately in the 
range of 0.02h <> d <> 0.8h when taking a height of 
the conductive pillar as h. 

37. A method for manufacturing a multilayer wiring 
board, comprising: 

a step of forming a first conductive pillar on a 
first conductor layer so that a contact portion of 
the outer side surface of the first conductive pil- 
lar and the first conductor layer having a part 
smoothly continuous; 

a step of faming a second conductive pillar on 
a second conductor layer so that a contact por- 
tion of the outer side surface of the second con- 
ductive pillar and the second conductor layer 
having a part smoothly continuous; 
a step of arranging a insulating layer made of 
an uncured resin intervened between the first 
and the second conductor layer so as to face 
the first conductive pillar with the second con- 
ductive pillar; 

a step of pressing the first and the second con- 
ductor layer in the axial direction of the conduc- 
tive pillar so as to connect the first conductive 
pillar and the second conductive pillar; and 
a step of curing the insulating layer. 

38. A method for manufacturing a multilayer wiring 
board as set forth in claim 7, wherein a step of form- 
ing the conductive pillar, a height of the conductive 
pillar h is approximately in the range of 1 .2d <> h <> 5d 
when taking a thickness of the uncured insulating 
layer as d. 

39. A method for manufacturing a multilayer wiring 
board as set forth in claim 37, wherein a step of 
forming the conductive pillar, an thickness of the 
uncured insulating layer d is approximately in the 
range of 0.02h <, d <> 0.8h when taking a height of 
the conductive pillar as h. 

40. An electronic element, comprising: 

an electrode formed on a first face of the elec- 
tronic element; and, 

a conductive pillar formed on the electrode of 
the electronic element; 

wherein the contact portion of the outer 
side surface of the conductive pillar and the 
surface of the electrode having a shape so as 



27 



53 



EP 0 805 614 A1 



54 



to relax a stress concentration applied between 
the conductive pillar and the electrode. 

41. An electronic element as set forth in claim 40, 
wherein the contact portion of the outer side sur- s 
face of the conductive pillar and the surface of the 
electrode having at least a part smoothly continu- 
ous. 

42. An electronic element as set forth in claim 40, 10 
wherein an angle of the outer side surface of the 
conductive pillar and the surface of the electrode is 

an acute angle. 

43. An electronic element as set forth in claim 40, 75 
wherein the electronic element is a semiconductor 
element. 

44. An electronic element package, comprising: 

20 

an electronic element having an electrode 
formed on a first face of the electronic element; 
and 

a wiring board comprises a first insulating layer 
having a first face and a second face, the first 25 
face of the insulating layer is faced with the first 
face of the electronic element, a first wiring 
layer formed on the second face of the first 
insulating layer, the first wiring layer having a 
first via land, and a first conductive pillar con- so 
necting the first via land and the electrode. 

45. An electronic element package as set forth in claim 
44, wherein the first via land having a stress releas- 
ing means. 35 

AS. An electronic element package as set forth in claim 
44, wherein the contact portion of the outer side 
surface of the first conductive pillar and the surface 
of the electrode having a shape so as to relax a 40 
stress concentration applied between the first con- 
ductive pillar and the electrode. 

47. An electronic element package as set forth in claim 

44, wherein the contact portion of the outer side 45 
surface of the first conductive pillar and the surface 
of the electrode having at least a part smoothly con- 
tinuous. 

48. An electronic element package as set forth in claim so 
44, wherein 

an angle of the outer side surface of the first con- 
ductive pillar and the surface of the electrode is an 
acute angle. 

55 

49. An electronic element package as set forth in claim 
44, wherein the electronic element is a semicon- 
ductor element. 



50. An electronic element package as set forth in claim 
49, wherein the semiconductor element is a bear 
semiconductor chip. 

51. An electronic element package, comprising: 

an electronic element having an electrode 
formed on a first face of the electronic element; 
and 

a wiring board, comprises 

a first insulating layer having a first face 
and a second face, the first face of the 
insulating layer is faced with the first face of 
the electronic element 
a first wiring layer formed on the second 
face of the first insulating layer, the first wir- 
ing layer having a first via land, and 
a first conductive pillar connecting the first 
via land and the electrode 
a second insulating layer having a first face 
and a second face, the first face of the sec- 
ond insulating layer is faced with the sec- 
ond face of the first insulating layer, 
a second wiring layer formed on the sec- 
ond face of the second insulating layer, the 
second wiring layer having a second via 
land, and 

a second conductive pillar connecting the 
first via land and the second via land. 

52. An electronic element package as set forth in claim 
51 , wherein the first via land having a stress releas- 
ing means. 

53. An electronic element package as set forth in claim 
51, wherein the contact portion of the outer side 
surface of the first conductive pillar and the surface 
of the electrode having a shape so as to relax a 
stress concentration applied between the first con- 
ductive pillar and the electrode. 

54. An electronic element package as set forth in claim 
51, wherein the contact portion of the outer side 
surface of the first conductive pillar and the surface 
of the electrode having at least a part smoothly <x>n- 
tinuous. 

55. An electronic element package as set forth in claim 
51 , wherein an angle of the outer side surface of the 
first conductive pillar and the surface of the elec- 
trode is an acute angle. 

56. An electronic element package as set forth in claim 
51, wherein the electronic element is a -semicon- 
ductor element. 

57. An electronic element package as set forth in claim 
51, wherein the semiconductor element is a bear 
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semiconductor chip. 

58. A method for forming a conductive pillar, compris- 
ing the steps of: 

5 

a step of arranging a mask having a through 
hole onto a conductor layer, the shape of the 
through hole of the mask is substantially cylin- 
drical; 

a step of filling a conductive resin into the 10 
through hole of the mask; and 
a step of removing the mask and the conductor 
layer each other in the normal direction of the 
conductor layer. 

75 

59. A method for forming a conductive pillar as set forth 
in claim 58, wherein the step of removing the mask 
and the conductor layer each other in the normal 
direction of the conductor layer so that the conduc- 
tive resin is forming a substantially conical shape 20 
on the conductor layer, and the contact portion of 
the outer side surface of the conductive resin and 
the conductor layer having a shape so as to relax a 
stress concentration applied between the conduc- 
tive resin and the conductive layer. 25 

60. A method for forming a conductive pillar as set forth 
in claim 58, wherein the step of removing the mask 
and the conductor layer each other in the normal 
direction of the conductor layer so that the conduc- 
tive resin is forming a substantially conical shape 
on the conductor layer, and the contact portion of 
the outer side surface of the conductive resin and 
the surface of the conductive layer having at least a 
part smoothly continuous. 

61 . A method for forming a conductive pillar as set forth 
in claim 58, wherein the step of removing the mask 
and the conductor layer each other in the normal 
direction of the conductor layer so that the conduc- 40 
tive resin is forming a substantially conical shape 

on the conductor layer, and wherein an angle off the 
outer side surface of the conductive resin and the 
surface of the conductive layer is an acute angle. 

45 

62. A method for forming a conductive pillar as set forth 
in claim 58, wherein the step of filling a conductive 
resin, a viscosity of the conductive resin is deter- 
mined so that a part of the conductive resin remains 
onto the inner surface of the through hole of the so 
mask when the step of removing the mask and the 
conductor layer. 

63. A method for forming a conductive pillar as set forth 

in claim 58, the step of filling a conductive resincar- ss 
ried by a screen printing. 
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